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FIELD: inorganic chemistry, chemical technology. 
SUBSTANCE: invention relates to synthesis of 
nanostructural materials by chemical way. Method 
involves reagent solution spraying in precede 
solution up to formation of precipitate of 
nanostructural oxide or hydroxide. Then precipitate 
is subjected for thermal treatment and the following 
treatment by ultrasonic oscillation or treatment by 
ultrasonic oscillation and the following thermal 
treatment. This method gives nanostructural alloyed 
or nonalloyed nickel hydroxide, manganese dioxide 
and zirconium oxide stabilized with yttrium. Unusual 
morphological superstructures including clearly 
distinguished cylinders or nanorods and also novel 
structures for nickel hydroxide and manganese 
dioxide can be obtained that comprise assembly of 
nanostructural fibers, assembly of nanostructural 
fibers and agglomerates of nanostructural particles 
and assembly of nanostructural fibers and 
nanostructural particles. These novel structures 
exhibit high rates or percolation and high density of 
active centers that makes their especially suitable 
for production of catalysts. EFFECT: improved 
method of synthesis, valuable properties. 66 cl, 40 
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(57) 

H3o6peTeHne othochtch k nonyneHMio 
HaHOCTpyioypHbix MaTepnanos xnMn^ecKMM 
nyTeM. Cnocoo" BioiiOHaeT pacnbmeHne 
pacTBopa peareHTa b npeAiuecTByiomnfl 
pacTBop ppn o6pa30BaHttfl oca^Ka 

HaHOCTpyKTypHOK OKMCM HflU rMAPOOKMCM. 

OcaAOK 3aTeM noflBepraeTC« TermoBofl 
o6pa6oTKe c nocneAyKnuefl o6pa6oTKOfi 
yribTpasByKOM mjih o6pa6oTKe ynbTpassyKOM c 
nocneAyioinefl Tennoeofl o6pa6oTKofi. 3tot 
cnoco6 AaeT HaHocTpyKTypHyto nernpoBaHHyio h 
HenernpoBaHHyK) rHApooKHCb HviKerm, AByoKucb 
MapraHua m cra6unvi3MpOBaHHyK) mrpneM oiwcb 
i^upKOHUfl. MoryT 6biTb nonyMeHbi Heo6bWHbie 



Mopcf)o/iorvm8CKne cynepcipyKTypbi, BKmonafl 
acHo pasnnHMMbie ijuriHHApbi una HaHocrepwHH, 
a Taiwe HOBbie crpyicrypbi Ana thapookmch 
HHKenf? n AByoKucn MapraHLja, BKnioMaioi^ne 

c6opKH HaHOCTpyKTypHblX BOriOKOH, cGopKn 

HaHocTpyKTypHbix BonoKOH u arnoMepaTbi 
HaHOCTpyicrypHbJX nacTnq n cdopKH 
HaHcxJTpyKTypHbix bojiokoh h HaHocTpyioypHbie 
MacTH4bi. 3th HOBbie CTpyicrypbi HMeioT BbicoKue 
ckopocth nepKonnqMM h BbicoKyK) nnoTHOCTb 
aKTMBHblX L^eHTpOB, ^to AenaeT MX OC06eHHO 

noAxoflniUHMH Ana H3roTOBneHMfl 
KaTa/iH3aTopoB. 8 c. h 56 3.n. <p-nb\, 1 Taon., 
17 MR 
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(54) NANOSTRUCTURAL OXIDES AND HYDROXIDES AND METHODS OF THEIR SYNTHESIS 



(57) Abstract: 

FIELD: inorganic chemistry, chemical 
technology. SUBSTANCE: invention relates to 
synthesis of nanostructural materials by 
chemical way. Method involves reagent 
solution spraying in precede solution up to 
formation of precipitate of nanostructural 
oxide or hydroxide. Then precipitate is 
subjected for thermal treatment and the 
following treatment by ultrasonic 
oscillation or treatment by ultrasonic 
oscillation and the following thermal 
treatment. This method gives nanostructural 
alloyed or nonalloyed nickel hydroxide, 
manganese dioxide and zirconium oxide 
stabilized with yttrium. Unusual 
morphological superstructures including 
clearly distinguished cylinders or nanorods 
and also novel structures for nickel 
hydroxide and manganese dioxide can be 
obtained that comprise assembly of 
nanostructural fibers, assembly of 
nanostructural fibers and agglomerates of 
nanostructural particles and assembly of 
nanostructural fibers and nanostructural 
particles. These novel structures exhibit 
high rates or percolation and high density 



of active centers that makes their 
especially suitable for production of 
catalysts. EFFECT: improved method of 
synthesis, valuable properties. 66 cl, 40 dwg 
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H306peTeHM6 OTHOCHTCfl K CHHT63y 

HaHOCTpyioypHbix MaTepwa/iOB xuMMnecKViMH 
cnoco6aivin. B nacTHOc™, sto H3o6peTeHue 

OTHOCMTCfl K CMHTe3y HaHOCTpyKTypHblX OKMCetf M 

ruflpooKkice^ XMMWHecKViMH cnoco6aMn, 
no3Bon«K)i4MMki TeM caMbiM no^ynnTb 
MaTepnanbi c perynnpyeMbiMH Mopqbo/ion/ietf, 
0a3awin n MMKpocTpyKTypaMM, BKJUOHaa HOBbift 

K/iaCC BOJIOKHUCTblX MHKDOCTpyKTyp, KOTOpblfl 

co^eTaeT BbicoKyio nnoTHOCTb xHMunecKM 

aKTMBHblX UeHTpOB C yfiyHLUeHHOfi CKOpOCTbK) 

nepKonamiH wMAKocTefi. 

MaTepnaribi, v\Me\0[uy\e Me/iKOMacwTaoHbie 
Mi/iKpocTpyicrypbi, oCnaAaioT yHHKa/ibHbiMw n 
TexHonornHecKn npHB/ieKaTenbHbiMM 
cBOMCTBaMn, K3K noKa3biBaiOT pa6oTbi no 
6biCTpooTBep>KaaeMbiM MeiannaM, cnnaBaM w 
KOMno3UTHbiM MaTepnajiaM, me AOCTHraioT 
pa3Mepa 3epeH nopaAKa HecKoxibKwx 
MUKpoMeTpoB (mukdoh). OflHaKO b nocneAHee 
BpeMR MCcneAOBaHkin 6binn HanpaBneHbi Ha 
CHH>KeHne pasiviepa 3epeH c MHKpoMeTpOBoro 
nHTepBana ao HaHOM©TpoBoro MHTepBana. 
XapaiaepHOfl nepTofl TaKnx HaHOCTpyioypHbtx 
MaiepnajioB flanneTCfl conbiuafl Aorm aTOMOB 
(AO 50%), pacnonoweHHbix Ha rpaHnuax 3epHa 
wm MacTnqbi. <J>kir.1, rfle 6e/ibie KpyacKH 
o6o3HaHaK)T norpaHMMHbie aTOMbi 3epHa, a 
saujTpuxosaHHbie KpywKH o(>03HaHaioT 
BHyTpsHHkie aTOMbi, cxeMaTMHHO unnjocTpupyeT 
3to HBJieHHe. BonbLuan Aorm aTOMOB, 
pacnonoweHHbix Ha norpaHHHHbix 

noBepxHocTflx, BaxHa Ana C03AaHi/m BbicoKotf 
nnoTHOCTH noTeHL\nanbHbix LjeHTpoB Ana 
KaTannTMHecKnx m 3/ieKTpoxnMMHecKHX peaKUMfl. 
HaHocTpyiaypHbie Marepnaribi, hto othochtch 
3Aecb k MaiepnanaM, MMeioinHM AnaMeTp 3epHa 
ot npuMepHo 1 ao 100 HaHOMeTpoB (1 hm = 10 
aHrcTpeM), ocViaAaioT cyiqecTBeHHO otjihhhumm 
h bo MHorvix cjiynaflx ynyHweHHbiMH 

XHMMMeCKHMH M Cf>M3MMeCKHMH CBOflCTBaMM flO 

cpaBHeHHK) c mx SKBMBaneHTaMn Toro mq 
XMMUMecKoro cocTaBa, ho c 3epnaMM mhkpohhoA 
BennHMHbi. 

HaHocTpyKTypHbie nopowKM cnHTe3MpOBann 
paHee xmmmmbckhmm MeTOflaMn m boahux 
pacTBopOB. TunnMHan paHee H3BecTHan 
npoueAypa cnHTesa BKniOHaeT Tpn 
nocneAOBaTe/ibHbie CTaAw: (1) npuroTOB/ieHne 
BOAHoro HcxoAHoro pacTBOpa CMecu conefl 
MeTannoB, (2) BoccraHOBHTeribHoe pasnoxeHne 
ncxoAHoro pacTBopa Ann nonyneHHH 
KonnonAHofi cycneH3nn wenaeMotf cf)a3bi 
KOHenHoro npoAyKTa n (3) BbiAeneHne nopowKa 
KOHeHHoro npoAyicra MHoroKpaTHotf npoMbiBKofi 
n cywKofl. nojiynaioiUMecfl BbicyweHHbie 
nopowKOBbie npoAyKTbi HMeiOT bma HennoTHo 
arnoMepupoBaHHbix HaHOHacTHLj. PacTBopw 
xnopnAOB MeTannos mop/t 6biTb 
BoccTaHOB/ieHbi Tpna/iKnn6oprnAp^AOM HaTpn« 
Ana nonyneHMR HaHocTpyxTypHbix nopoiuKOB 
HMKe/in mjih >Kejie3a, m CMeujaHHbie pacTBopw 
x/iopnAOB MeTannoB MoryT 6b)Tb 
BOCCTaHOBjieHbi Ana nonyneHn« 
HaHOCTpyKTypHblX nopoujKOB CTann M50, 
AIN/BN, NiCr/Cr 3 C 2 m WC/Co. 

CklHTeS 0KMC8M W THAPOOKMCe^ B 

HaHOCTpyKTypHOfi 0opMe ynpoiuaeT 

npOM3BOACTBO KOMnOHeHTOB M yCTpOf^CTB C 
MOflM0HL^HpOBaHHb)MM M/nriM HpeBOCXOAHblMH 

CBOMCTBaMM. flonofiHMTenbHbtM npenMymecTBOM 
yMeHbiueHUfl pa3Mepa 3epeH ao 
HaHOMacujTaSHbix pa3Mepos ABrmeTCfl 
ycTpaHeHMe Go/ibiijux nycTOT Ha rpaHUL^ax 
3epeH, KOTopwe ^acTO npMBHOCFT BpeAHbie 
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CBoftoTBa. HeAaBHBH AQMOHCTpaqufl Toro, hto 
HaHocTpyKTypHbie xepaMMHecKne MaTepnanw 
(HanpuMep, Ti0 2 ) MoryT GbiTb CBepxnnacTHMHO 
Ae0opMnpoBaHbi npn cpaBHMTenbHo hh3khx 
TewinepaTypax n AaB/ieHunx, hto onncaHo b 
npMMepax b Nanostructured Materials, Vol. 1, 
1992, wvieeT sa>KHoe 3HaneHne npw 
ceTeo6pa3HOM QbopMOBaHnn xpynxvix 

KepaMMHeCKMX M HHTepMeTaJUIMHeCKMX 

KOMnOHGHTOB. (IpM HaH6C8HMH npOMblUJJieHHblX 

noKpbiTnf^, Hanpuviep TepMOsau^MTHbix 
noKpbiTnf^, BOccTaHOB/ieHne ao HaHOMaciiiTaOa 
HBriReTCfl BbicoKO30q3eKTHBHbiM Ann 
yBennneHUR TepMkwecKoro conpoTMB/ieHnfl. B 
nnoTHbix KepaMMHecKMX noKpbiTunx 
HaHocTpyKTypHwe MaTepnanbi cnoco6Hbi 
ooecnennTb BbJCOKyto TsepAocTb b coMeTaHUM c 

XOpOUJeW npOHHOCTblO Ha M3X10M M CTOf^KOCTblO K 
K0ppO3MM. 

MaTepnanbi c bwcokom yAeribHOM 
noBepxHOCTbio HaHOMacwTa6Hbix pa3MepoB 
npeACTaBJinioT ocoObit^ HHTepec Ann 
npuMGHeHMR TaM, rAe peiuajoi^yK) ponb nrpaioT 

BblSblBaeMbie aiCTMBHblMM l4eHTpaMM XHMMHeCKMe 

peaKi^MM. npw npMMeHeHnn KaTann3aT0pa Bax<Ha 
6onbiiiafl noBepxHocTb KOHTaiaa Ann OKuc/ieHun 
m BoccTaHOBJieHHfl oKpy>KaioiMe^ cpeAO^, n 
noTOMy yMeHbiiieHne KaTannTunecKoro 
MaTepnana ao HaH0MacwTa6a, abho Aa©T 
33M6TH06 npenMyu^ecTBO. 06nacTM 
npnM8H©HMR KaTajin3aTopoB BKTiJOMaioT 6opb6y 
c 3arpn3HeHHflMM, TaKyw KaK o6e3Bpe>KHBaHne 

RA©PHblX OTXOAOB, OHUCTKy BOAbl, 

AeMepKypMsauwo, onucTKy ot MUKponacTnu m 
cfwnbTpaijHio B03Ayxa, a Taiwe KaTann3 a^ 
cMHTeTMMecKnx L(ejie^, TaKnx KaK MoneKyrmpHbie 
cuTa, nepepaSoTKa Hec)5TH n APyrne. OAHaKO 
HecMOTpn Ha 6oribiiJO^ HHTepec k pa3BMTnio 
HaHOCTpyKTypHblX MaTepnanoB pj\?\ npMMeHeHun 
b KanecTBe KaTannsaTopa HeAocTaTKOM 
coBpeMeHHbix HaHOCTpyKTypHblX MaTepnanoB 

RBTlfleTCn CKJlOHHOCTb H3CTMI4 06pa30BblBaTb 

arnoMepaTbi, b kotopwx npocTpancTBo nop 

Me>KAy HaCTHL\aMM CTaHOBHTCfl COnOCTaBUMblM c 

pa3MepoM nacTut^, to ecTb, tab caMo 
npocTpaHCTBO nop Meaw HacTwi^aMn nMeeT 
HaHOMaciuTa6Hbie pa3Mepbi. TaKne Ma/ibie 
pa3Mepw nop orpaHMHMBajoT cKopocTb 
nepKonni^nn aKTMBHbix bgll^bctb b arnoMepaTbi m 
nepe3 hmx. 

flpyroR o6nacTbK) ncnorib30BaHMH 
HaHOCTpyKTypHblX MaTepnanoB HBrmioTCfl 
nepe3apn>KaeMbie 6aTapen n TonnnBHbie 
sneMeHTbi, rAe BbicoKan yAe/ibHan noBepxHocTb 
HaHOCTpyKTypHblX MaTepnanoB noBbiiuaeT 

6b!CTpOTy B3aHMOAe«CTBMR aKTHBHOrO 

MaTepnana c OKpy>Kaiou4e^ cpeAO^. Hanpwviep, 
Ann nepe3apfl>KaeMbix 6aTapeP^ c bwcokom 
SHepreTunecKO^ nnoTHocTbio HeoGxoAHMOCTb 
BbiAep>KMBaTb BbicoKne MMnynbCbi TOKa b 
ycnoBunx 3apnAKn m pa3p«AKn Tpe6yeT 
MaKCMMaxibHoro KOHTaicra aneirrpoAa m 

3JieKTponMTa, HT06bl AOCTHHb BblCOKO^ 

ruioTHOCTM nepeHoca mohob h oneiapoHOB. 
AKTMBHbie HaHocTpyKTypHbie MaTepna/ibi c wx 
BbicoKO^ nnoTHocTbio perynnpyeMbix a8$8ktob 
noBepxHOCTn OTeenaiOT stum Tpe6oBaHMflM, 
ooecneHnsan TeM caMbiM cnocoCw 

OnTMMH3HpOBaTb BblCOKyiO SHeproeMKOCTb 

6aTape«. 

HnKeneBbi^ sneKTpOA b oco6eHHocTM mmbbt 
noBceMecTHoe m onpeAe/ifliou^ee 
pacnpocTpaHeHne b nepe3apn>KaeMbix 
6aTapeflX, TaK KaK oh o^wmho ABfineTCR 
nuMMTupyioi^nM eMKOCTb sfieKTpoAaM b Ni-Cd, 
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Ni-Zn, Ni-H 2 m Ni-MH aneMeHTax. 
npeAiiJecTByioii^Me nccneflOBaHun noKa3anM, 
hto ruflpooKMCb HHKenn (Ni(OH)2) mokst 6biTb 
nonyneHa KaTOAHbiM oca>KAeHneM H3 pacTBopa 

H OCa>KfleHHeM M3 KOHljeHTpMpOBaHHOM* u^enoMM. 

TpaflMUnoHHue HMKeneBbie aneiapoAbi 
M3rOTOBJlflK)T M3 nopucTbix HMKeneBbix nnacTMH, 
cflenaHHbix M3 nopoujKa Kap6oHnna HMKena, 
Ni(CO)4. nopucTOCTb oGbNHO orpaHUHMBaeTcw 

80%, M 06"beM, 3aHflTblM nO/10THOM H n/iaCTMHOM, 

cocTaBJineT oKono 20%. 3ja nnacTUHKa 3aTeM 

/1H60 XHMMHeCKH, JIM60 3/ieKTpOXMMHMeCKH 

nponnTbiBaeTCfl aKTMBHbiM MaTepManoM. 
flnoHL\bi 6binn nnoHepaMM b pa3paoo™e 

BblCOKOSCfxfceKTMBHOM* CqbepMHeCKOM* TMAPOOKHCH 

HMKena (Japanese Tanaka) An* ncnonb30BaHMfl 
bo BcneHeHHbix mjim o6pa6oTaHHbix HMKeneBbix 
sneicrpoAax us nepenrteTeHHbix bojiokoh. TaKne 

nOATIO>KKH flBJlfllOTCfl BblCOKOnOpMCTbIMM (OKOJIO 

95%), TaK hto 60/ibLUofl oG-beM aKTMBHoro 
MaTepna^a MO)KeT 6biTb 3arpy>KeH b aneirrpoAbi. 
3to npeACTaB/weT co6ofi paAHKa/ibHbiM otxoa 

OT TpaAHLJHOHHOrO MCnOT1b30BaHMfl 

o6pa6oTaHHbix 3/ieKTpoAOB 
HMKenbKap6oHnnbHoro Tuna, TpeSytoiMux 
cnowHbix npon3BOACTBeHHbix npoueccoB Ana 
XkiMkinecKoro nnn sfieiapoxMMMHecKoro 
oca>KAeHHfl aKTHBHoro MaTepnana BHyTpb 
nopucrocTn nnacTMHbi. 

MaTepwanbi ms tmapookhch HMKe/ia ao chx 
nop He nojiyna/in a HaHOCTpyicrypHoa cfciopMe. B 
coBpeMeHHO^ npaKTMKe ruApooKMCb HMKenfl 
MUKpoHHoro pasMepa nonynaioT XMMMHecKMM 
oca>KAeHneM v\ aneKipo/inTMHecKUM 
ocaweHnewi. PaooTbi no MaTepnanaM 
MUKpoHHoro MacwTaoa Ha ocHOBe rnApooKncn 
HMKenn BbiHBuriM Tpn cpopMbi KpucTanjiMHecKow 
cTpyicrypbi, a HMeHHO reKcaroHaribHbie a- 
n p-cf)a3bi u Ky6nHecKyjo y-0a3y. npM 
npMMeHeHMH b HMKeneBbix sneiapoAax o6bMHO 
ncnorib3yK)T p-o>a3y M3-3a ee cTa6nnbH0CTM b 
i^MKnunecKOM npOL(ecce 3apflAKM-pa3paAKM. 

OAHaKO a-rHAPOOKMCb Hk1K©J"lfl, XOTfl OHa M 

HecTaGn/ibHa b i^nicne 3ap«AKH-pa3paAKM, 
cnocoGHa coxpaHHTb 6onbwee KO/innecTBO 
3Heprwn 6naroAap« ee 6onee BbicoKOMy 
BaneHTHOMy 3apflAy CoBpeMeHHbie HMKenesbte 
oneicrpoAbi f&nexo He MAeanbHbi n3-3a HM3KOfl 

06"b6MHOM SHepreTMHeCKOtl nriOTHOCTM aiCTMBHblX 

MaTepkia/iOB . TeopeTMnecKaa 
peHTreHOCKonnHecKaa nnoTHOCTb rMApooKMCM 
HHKenw cocTaB/ifleT 4,15 t/cm 3 , ho CoBpeMeHHbie 
sneicrpoAbi MoryT AociwaTb nnoTHOCTM nuiub 
1 ,8 t/cm 3 . 3to b nepByio onepeAb o6ycnoBneHO 
6onbiuMMH MMKpoMacujTa6HbiMH nycTOTaMn, 
conyTCTByioLUMM o6pa6oTaHHbiwi sneicrpoAaM 

npH HCnOJlb30BaHHM 06blMH0M TMAPOOKMCH 

HHKenfl. 

flByoKucb MapraHL\a (Mn02) TaiOKe b 
HacToaiAee BpeMfl HeAOCTynna b 
HaHOCTpyicrypHo^ 0opMe. Pa3Mep nacTui^ y 
npupoAHO^ m npOMbiiuneHHO cnHTe3npoBaHHo^ 
okhcm MapraHL^a neMWT b nHTepBane mmkpoh 
nnn Aa>Ke MunnnMeTpoB. npnpoAHa« oKMCb 
MapraHi4a Kpa^He 3arpfl3Hena 

MHOrOHMC/ieHHWMM OKHCHblMM 3arpR3HeHMflMH, 
T3KHMH KBK S\02, Fe203, AI2O3 M P2O5. 3tM 

3arpH3HeHHH ocnoxHflioT xnMnnecKH^ m 
CTpyicrypHb!^ aHa/iM3 npnpoAHOi^ AByoKucn 
MapraHL\a m orpaHvmwBaioT BosMOKHOCTb ee 
npuMeHeHHP. 

ll03T0My 3HaHMTenbHblM HHTepeC BblSblBaiOT 

MeTOAbi cnHTesa AByoKMcn MapraHua, 
BKnioMajomne noHOO^MeH, ruApoTepMnnecKM^ 
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CHHTe3, OJieKTpOJlMTHHeCKHfi CHHTe3 M 
XMMHHeCKMfi CMHT63. XklMUHeCKMe MeTOAbi, 

pa3pa60TaHHbie b 1970-x, AaK)T HMCTyio 
ABy oKMCb MapraHLja mhkpohhofo pa3Mepa bo 
MHOKecTBe KpHCTannvmecKtix o>opM. 
Pa3pa6oTaHHbie Bnoc/ieACTBun cnHTe3bi 
peaKL^efi cone^ MapraHi^a (MnCI 2 n/in 
MnS0 4> c curibHbiM OKHcriMTeneM (KMn0 4 nnn 
cwiecb 030Ha n KucnopoAa) AaeT cnoncTyio 
ABy OKMCb MapraHi^a Oah3ko noMTM mjim coBceM 
He 6bino cAe/iaHo nonbiTOK nonyHMTb 
MaTepMsuibi M3 AsyoKMCM MapraHi^a 
HaHOCTpyKTypHoro pa3Mepa miim c 
perynnpyeMOM Mop4)onorviHecKOM <})opMOM. 

KpMCTajinorpact)MHecKMe MccneAOBaHMH 
noKa3anM, hto Ha MoneKynapHOM ypoBHe 
ABy OKMCb MapraHi^a nocTpoeHa M3 OKTaaAPOB 

Mn06, Ka>KAblrt M3 KOTOpblX COCTOMT M3 LUeCTM 

aTOMOB KucnopoAa, oKpywaiomMX aTOM 
MapraHi^a. OiaasApbi CBfl3aHbi cbommm 
BepuuMHaMM m pe6paMM, o6pa3yp eAMHMHHbie 
mtim ABOMHbie i4enM. 3tm LjenM pa3AennK)T yrribi c 
ApyrnMM uenHMM, mto npMBOAMT k CTpyicrypaM c 
TyHHenflMM mhm KaHaxiaMM, o6pa3oaaHHbiMM 
PWMM aTOMHbix nycTOT. Pa3Mep stmx KaHanoB 
cBA3aH c HMcnoM MapraHei^-KMcnopoAHbix uenefi 
c Ka>KAo^ CTopoHbi. Ha/iMHMe KaHaxioB 
oCecneHMBaeT TpaHcnopT noABMXHbix mohhwx 
BeiuecTB, BK/ifonan Li*, H*. K + , Ba* 2 , Na + mjim 
Pb +2 . 3Ta ocobeHHocTb flBnneTCfl Ba>KHO«, 
noTOMy hto TaKotf KaTMOHHbiPi o6MeH ynyniuaeT 

M KaTailMTMHeCKMe CBOMCTBa b peaKUMflx 
OKMCJieHMfl .M XOpOLUyK) MOHHO-SJieXTpOHHyK) 

npoBOAMMOCTb Ana aKKyiviynflTopHbix 6aTape^. 

OKMCb L^upKOHMfl (ZrO 2) HBJifl6TCR eu^e 
oahoW OKMCbK), npMBneKaioiMeM oco6bi^ MHTepec 
6naroAapfl CBoeR cTa6MjibH0CTM, BbicoKOf^ 
TBepAOCTM, orHeynopHocTM (cnoco6HOCTM 
BbiAepxcMBaTb BbicoKMe TeMnepaTypbi) m mohho^ 

npOBOAMMOCTH. OrpyKTypHO 

CTa6MnM3MpOBaHHafl OKMCb l^MpKOHUfl HIMDOKO 

Mcnonb3yeTCfl b TennosaLAMTHbtx noKpbiTMflx Ana 
coBpeweHHbix ABMraTene^, KOTopbie 
noABepraiOTCfl BosAeficTBMio Kpa^He bwcokmx 
TeivinepaTyp. flpyrMe npMMeHeHM^ okmcm 

L^MpKOHMfl BKJlfOHaiOT LUapOBbte MeJlbHML^bl, 

oTpaxaTenM, KMcnopoAHbie ceHcopbi m 
TonnMBHbie 3/ieMeHTbi, a TaiOKe sneiapoHHyio 
KepaMMKy. 

OKMCb L^MpKOHMfl MMeeT MOHOKJlMHHyiO 

CTpyicrypy npM hm3kmx TeMnepaTypax, ho 
cymecrayeT b paanMHHbix c})OpMax npM 
noBbiiueHHbix TeMnepaTypax. HanpMMep, 
He3au^mAeHHan OKHcb 14mpkohm« c mohokjimhhom 
CTpyKTypo^ nepexoAMT npM npM6riM3MTenbH0 
1170°C b TeTparoHanbHyio CTpyicrypy m 3aTeM 
npM npM6/iM3MTenbH0 2370°C b KyOMHecKyio 
CTpyicrypy. 3tot nepexoA conpoBO>KAaeTCJi 
M3MeHeHMeM o6"beMa, KOTopoe MoweT 
npMBOAMTb k MexaHMnecKOMy n0Bpe>KA6HMJ0 

HaCTefi. ripMCyTCTBMe HM3KOBOJlbTHblX KaTMOHOB, 

TaKMx KaK Mg* 2 , Ca +2 , Y +3 m peAK03eMenbHbix 
KaTMOHOB cTa6nnM3MpyeT 
BbicoKOTeMnepaTypHbie 0a3bi npM hm3kmx 
TeMnepaTypax, TaK hto MeTacTa6MnbHbie 
TeTparoHaribHbie mhm KyGMMecKMe 0>a3bi MoryT 

CyiAeCTBOBaTb Bn/lOTb AO KOMHaTHO^ 

TeMnepaTypbi. 

Cnoco6bi, Mcno/ib3yeMbie Ana nonyneHMfl 

06blHHOM MMKpOHHOM CTa6MflM3MpOBaHHO^ 
ZrO 2 , BKTIIOHaiOT cooca>KA6HMe, 

MMKp03MyJlbrMpOBaHM6 M 30flb-reilb CMHT63. 

CoBpeMeHHbie MeTOAbi CMHTe3a 

HaHOCTpyKTypHO^ OKMCM qUpKOHMP M 
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cTa6nnn3npoBaHHO^ unpneM okmch ljmpkohmr 
(YjOyZrO^ HeaKOHOMMHHbi b KanecTBe 
npOMbiiu/ieHHtJX npoi^eccoB. MeTOAbi 
KOHAeHcaunn b MHepTHOM rase (HrK) m 
xuMMHecKoti KOHfleHcai^nn napOB (XKI1) no 
CBoeMy cyu^ecTBy oneHb MeAneHHw m noaTOMy 
He MoryT 6biTb acJxfeeKTMBHbiMM, Toroa KaK 
HaHOMacTni^w, nonyneHHbie 3onb-renb cnHTe30M 
curtbHo arjioMepnpoBaHbi. 

KaK mo>kho BMAeTb M3 BbiLuenpMBeAeHHoro 
oocyweHun, HecMOTpfl Ha nocneAHne 

AOCTMJKeHMR B CMHT63e HaHOCTpyKTypHblX 

MaTepwanoB, Bee e^e cymecTByeT noTpe6HOCTb 
b MaiepManax m cnoco6ax, KOTopwe 6bi/in 6bi 
3K0H0MMMHbiMH m AaBanM MaTepManw, 
npuroAHbie a/ir WMpoKoro Kpyra 
npoMbiiuneHHbix npMMeHeHMfl. CymecTByeT 
oco6aR noTpe6HocTb b MaTepnanax, npuroAHbix 
Ann ncnojib30BaHkm b KanecTBe KaTa/iM3aTopoB, 
to edb b MaTepktanax, v\Me\ou\m BbicoxyK) 

nnOTHOCTb aKTMBHblX L^eHTpOB M npM 3TOM 

xopotuyio CKopocrb nepKonnuMM. 

HeAOCTaTKM npeAwecTByiomero ypoBHR 
Tex h mkm, KOTopbie o6cy>KAeHbi Bbiiiie, 
ycTpaHflioTCfl nnn ofrnernaioTCR MaTepnanaMM m 
cnocooaMM cnHTe3a no HacTORLijeMy 

M306p6TeHHK), B KOTOpOM HaHOCTpyKTypHbl© 

okhcm m rviAPOOKMcn MGTajinoB nonynaioT 
cnocoooM nepepa6oTKM BOAHoro XMMMnecKoro 
pacTBopa, BKnionaioiAMM nonyneHM© mcxoahoto 
BOAHoro pacTBopa m BOAHoro pacTBopa 
peareHTa, no MeHbtuefl Mepe oamh M3 Koropbix 
coAepKMT npeAwecTByfoti|yK) conb okmcm mjih 
r^APOOKMcn; pacnbineHne boahoto pacTBopa 
peareHTa m boahoto mcxoahoto pacTBopa b 
BOAHbiii mcxoahhm pacTBop a/i* nonyneHMR 
HaHOCTpyirrypHoro nopoaiKa; TennoByio 
o6pa6oTKy HaHocTpyicrypHoro noponiKa Ann 
nonyneHMR wenaeMofi KpMCTannMnecKOfl 0aabi; 
BbiAeneHne KpMCTannMHecKofi <J>a3bi; 
ynbTpa3ByKOByio oopaooTKy KpucTannnMecKoPi 
cpa3bi Ana Ae3HHTerpai^nn nio6bix arperaTOB 
nopoiUKa m AnR BBeAeHna Aec^eKTOB peaieTKM b 
HaHOKpucran^nMecKMe nacTML^bi; 
pacnbinnTenbHyK) cyujKy o6paooTaHHbix 
y/ibTpa3ByKOM nopowKOB Ann nonyneHMR 
HaHOCTpyKTypHblX c0epMHecKHX amoMepaTOB 
nopoiUKa. 3tot cnocoo" oOecnenMBaeT KpaflHe 
GbicTpoe 3apo>KAeHMe HaHonacTMi^ n 

nOAaBfieHHblM pOCT HaHOMaCTML^, HTO npMBOAUT K 

o6pa30BaHHK) b oonbwoM o6i>eMe 

HaHOCTpyKTypHblX nOpOLUKOB, HMefOlUMX 
BblCOKyJO nriOTHOCTb aKTMBHblX L^eHTpOB. 

BawHOfl oco6eHHocTbK> M3o6peTeHn« 

RBnReTCfl TO, HTO Cn0CO5 RBnReTCR npOCTbJM 

SKOHOMHHHbiM npoijeccoM, npeAOCTaB/lRIOU^MM 
o6w,mm* MeTOA cnHTe3a Ann MHOwecTBa 
HaHOCTpyKTypHblX OKMceM h ruApooKHcert 
MeTannoB m APyrux MaTepnanoB c 
ynymueHHbiMn cBoficTBaMM m perynnpyeMbiMM 
MopcfeonorMefl m MUKpocTpyioypo^. Okmcm m 
ruApooKMcn MMewT pa3Mep nacTML; b MHTepBane 
ot npuMepHo 1 ao 100 hm m npeAnoHTMTenbHo 
MeHee new npMMepHO 10 hm. HaHOCTpyioypHbie 
HacTHL|bi nonynaiOT npeAnoHTHTenbHo b bhao 
amoMepaTOB, rAe arnowiepaTbi mmoiot A^aivieTp 
b HHTepBane ot npMMepHO 0,1 ao 200,0 mkm, 
npeAnoMTwenbHo ot npMMepHO 1 ao 100 mkm m 
Han6ojiee npeAnoMTHTenbHO oko/io 20 mkm. 
ArnoMepaTbi npeAnoHTMTenbHo rbtirkjtcr 
nopucTbiMn, rAe nopbi nMeioT AnaMeTp b 
MHTepBane ot npMMepHO 0,5 ao 20 hm, 
npeAnoHTMTenbHo ot npuMepHO 1 ao 10 hm m 
Hanoonee npeAnoHTMTenbHo okotio 5 hm, htm 

RBTIfllOTCfl T3KMMM, HTO HaHOCTpyKTypHbie 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



nacTMi^bi noHTM KacaioTCR APyr Apyra. 

B APyroM BonnoLAeHUM HacTORii^ero 
M3o6peTeHHH npeACTasneH hobw^ Knacc 
HaHOCTpyKTypHblX MaTepnanoB, OT/ikiHaioinn^cR 
HanuMMeM bojiokoh, kiMeioL^MX A^aMeTpbi b 
HaHOMeTpoBOM Anana3one. Hannnne othx 

HaHOCTpyKTypHblX BOJIOKOH npMBOAUT K 

nonyneHwo MaTepnanoB, HMeioiMUX BbicoKyio 

nJlOTHOCTb aKTMBHblX qeHTDOB \A OAHOBpeMeHHO 

ynymueHHyio cKopocTb nepKO/iRi^nn cpeAbi (rasa 
nnn >kmakocth). B oaho^ qSopMe 3tm MaTepna/ibi 
BK/iiOMaiOT Maccy HaHOCTpyKTypHblX 
amoMepaTOB c BbicoKofi yAe/ibHotl 
nosepxHocTbio, rAe amoMepaTbi 

npocTpaHCTBeHHO oTAeneHbi Apy ot Apyra 

HaHOCTpyKTypHbIMM BOflOKHaMM B CjX)pMe 
XaOTUHHO B3aHMOCBR3aHHOM HenjlOTHOM TK8HM. B 

Apyroti tpopMe MaTepna/ibi BKnicwaiOT 
HaHOCTpyKTypHbie nacTni^bi, npuKpenneHHbie k 

HaHOCTpyKTypHbIM BOTIOKHaM B ($)OpMe XaOTUHHO 
B3aMMOCBR3aHHO^ Hen/IOTHO^ TK3HH. B TpeTbe^ 
0opMe MaTepnanbi BicnioHaioT HaHOCTpyKTypHbie 

BOflOKHa B 4)OpMe XaOTMHHO B3aHM0C8R3aHHOM 

HennoTHoC^ tk3hm. AmoMepaTbi 

HaHOCTpyKTypHblX H3CTHLI, HaHOCTpyKTypHbie 

nacTMi^bi mjim caMn BonoKHa oGecnennBaioT 
BbicoKyio nnoTHOCTb aKTMBHbix qeHTpos APR 
ycKopeHMR peaKqM^ TBepAoe Teno/noABM)KHaR 
cpeAa (ras mjim >KMAKOCTb), TorAa KaK 
HaHOCTpyKTypHbie BonoKHa ooecneHMBaiOT 
cpaBHMTenbHO TierKM^ nyTb Ann nepKOHRi^MM 

peaKUMOHHO^ CpeAbi. BblCOKaR CKOpOCTb 
peaKL^MM, T3KMM 06pa30M, RBJ1R6TCR 
pe3yflbTaTOM BblCOKOM" n/lOTHOCTM aKTMBHblX 

ueHTpoB, a TaiOKe kopotkmx paccTORHM^ 

AMCj5Cf)y3MM BOBHyTpb M M3 XMMMHeCKM aKTMBHblX 

amoMepaTOB, HacTnq mtim bo/iokoh. 

HoBaR cTpyicrypa oGHapyweHa b 

HaHOCTpyKTypHblX TMApOOKMCM HMKeJIR M 

AByoKMCM MapraHi^a, nonyneHHbix no cnocooy 
HacTORi^ero M3o6peTeHMR. HaHOCTpyKTypHbie 
BonoKHa MMeiOT AnaweTpbi MeHbiue npuMepHO 
100 hm, npeAnoHTMTenbHo MeHbiue neM 
npMMepHO 50 hm, m Haw6o/iee npeAnoHTMTenbHo 
b MHTepBane ot npMMepHO 5 ao 10 hm, m 
K03o>c})ML^MeHT pa3Mepa (AnMHa/AMaMeTp) oonee 
neM npMMepHO 10. HaHOCTpyKTypHbie BonoKHa 
otctort Apyr ot Apyra na paccTORHMe Me>KAy 
oko/io 0,5 m oko/io 200 hm, m npeAnoHTMTenbHo 
Ha paccTORHMe ot npMMepHO 5 ao 50 hm, MnM 

BOnOKHa nOHTM COnpMKaCaiOTCR. flop03HOCTb 

HennoTHofl tkbhm HaHOCTpyKTypHblX BonoKOH 
npeAnoHTMTenbHo oonbwe neM npMMepHO 60 
06 % m oonee npeAnoHTMTenbHo oonee neM 
npMMepHO 80 o6.%, hto o6ecnenMBaeT Bbicoicyio 
CKopocTb nepKonRi4MM BemecTBa. 
klHAMBMAyanbHue amoMepaTbi, ecnM ohm 

npMCyTCTByiOT B TKaHM, MM6I0T flMaMBTpbl B 

MHTepBane ot npMMepHO 0,1 ao 200,0 mkm, 
npeAnoHTMTenbHo ot 1 ao 100 mkm, m HaMOonee 
npeAnoHTMTenbHo OKono 20 mkm. 3tm 

KOMnOSMTbl M3 HaHOCTpyKTypHblX 

arnoMepaTOB/BonoKOH npeAnoHTMTenbHo 
coAep>KaT 6onee neM npMMepHO 60% ot o6"beMa 
amoMepaTOB nacTMij, m npeAnoHTMTenbHo 
6onee MeM npuMepHO 90% ot o6"beMa. 

B ApyroM BonnoiAeHMM HacTORiAero 
M3o6peTeHMR npeAnaraioTCR HaHOCTpyKTypHbie 

nopOUJKM HaCTML^ TMAPOOKMCM HMKenR. TaKMe 
nOpOLUKM TMAPOOKMCM HMKenfl MCnonb3yK)TCR B 

KanecTse aKTMBHbix MaTepManoB AnR 
nono>KMTenbHoro HMKeneaoro sneKTpOAa, 
nopoaiKM MMeiOT BbicoKyio yAenbHyio 
noeepxHOCTb AnR o6ecneneHMR onTMManbHOfl 
CTeneHM KOHTaiaa Me)KAy sneiapoAOM m 
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oneiapojiMTOM, m perynnpyeMyra CTeneHb 

flecJ)eKTOB (KSK BHyTpeHHMX, TaK M BHeUJHMX), 

hto oonernaeT AocTyn npoBOAflw,MX Bew,ecTB 

MJ1M 6blCTpOe ABM)KeHMe M GneKTpOHOB H MOHOB B 

o6pa6oTaHHOM aneiapofle. 

B ApyroM Bonnoii^eHMn HacToamero 

H306p6T6HHfl CMHTe3MpOBaHbl nOpOUIKM 

nerMpoBaHHofl MeTannoM tmapookmcm HkiKerm c 
HaHOCTpyKTypHbIMM MacTnuaMH. 3th nopowKM 
npnroAHw ppn ncnojib30BaHnn b KanecTBe 
aKTHBHbix MaTepnanoB Ana sneicrpoAOB b 
HOBefiwMX Bbicx3K03HeproeMKvix 6aTapeflx, r^e 

KpMTMHeCKMMM flBJlfllOTCfl 60HbliJHe HMny/lbCbl 

TOKa m npM 3apfiAKe m npn paap^AKe. 

B eu\e oahom BonnomeHUM HacTOHW,ero 

H306peT6HHR CMHTe3HpOBaHbl AByOKMCb 

MapraHL\a v\ nerMpoBaHHaa MeTannoM AByoKMCb 
MapraHMa c HaHOCTpyKTypHbIMM nacTMijaMM. 
HaHOCTpyKrypHan AByoKMCb Mapramja 
ncno/ib3yeTCfl b KanecTBe aKTMBHoro MaTepnaria 
Ann nono>KHTenbHoro sneicrpoAa, TaK Kax hmbot 
BbicoKyio yAejibHyio noBepxHOCTb Ana 
ooecneneHMH onTMManbHofi oreneHM KOHTaicra 
Me>KAy oneicrpoAOM m sneicrponMTOM, a Taiwe 
pery/iHpyeMyio CTeneHb a^sktob (KaK 
BHyTpeHHUX, TaK m BHeuJHMx), hto o6nernaeT 
AocTyn npoBOARii^MX b6ll^6ctb nrin 6bicTpoe 

ABMKeHMe M aneKTDOHOB M MOHOB B 

o6pa6oTaHHOM aneicrpoAe. HaHOCTpyicrypHafl 
nerwpOBaHHafl MeTannoM AByoKMCb MapraHija 
ncnorib3yeTcq Ana aneicrpoAOB b 
BbicoK03HeproeMKnx oaTapeax. 
HaHOCTpyKTypHaa AByoKHCb MapraHqa Taiwe 
cnHTe3npoBaHa c perynMpyeMoR cTpyKTypoM" 
AecJjeKTOB, Mop0onornefi m MMKpocTpyicrypofl 
Ann MHornx oonacTefi npwvieHeHWfl, 
BK/iiOHaioLUHx yjiyHiiieHHbie KaTann3aTopbi, 
TonriHBHbie a/ieivieHTbi m ycTpofiCTBa Ana 

6opb6bi C 3arpfl3HeHHflMM. 

B ew,e oahom Bonnow,eHMM HacToninero 
n3o6peTeHHR npeAnoweHbi HaHOCTpyicrypHbie 

HaCTML^bl CTa6HJlM3HDOBaHHO^ MTTpMeM OKHCM 
IJMpKOHMfl Pf\9\ HCnOflb30BaHHfl b y/iyHiueHHbix 

BbicoKOTeMnepaTypHbix KepaMMHecwx M3AenMflx 
h Tennosau^MTHbix noKpbiTMax. 

Cnocoo" no HacTonmeMy M3o6peTeHMK) 
MoxeT 6biTb TaKxe Mcnonb30BaH Ana nonyneHMH 

TBepAblX OKMCHblX H rHApOOKMCHblX 

KepaMnnecKHX MaTepna/ioB Ana h3hococto^kmx, 

KOpp03MOHHOCTOfiKMX M 3p03MOHHOCTOMKMX 

noKpbiTM^, a TaioKe Ana wieTannooKCHAHbix m 
rHApooKMCHbix KepaMMHecKMX MaTepManoB A*™ 

0TB6p>KA©HMfl B 06"beM6 KOMflOHeHTOB Id 

ycTDOMCTB. PaccMOTpeHHbie Bbiiue h Apy^e 
OTfiMMMTenbHbie ocooeHHOCTM h npeMMyii^ecTBa 
HacToamero M3o6peTeHMH 6yAyT BOcnpMHflTbi m 
noHHTbi cnei4nanncTaMn H3 nocneAywiMero 
noApo6Horo onwcaHwa m nepTe)KeM. 

<t>nr.1 npeACTaBHH8T cxeMaTkinecKoe 
H3o6pa>KeHne M3BecTHoro HaHOCTpyicrypHoro 
MaTepMana, noKasbiBawu^ee Bbicoxyio Aonio 
aTOMOB, pacnono>KeHHbix Ha rpaHnx mjim 
rpaHHuax HacTMi^. 

Our. 2 npeACTaBJiaeT cxeviy ycTaHOBKM, 
wcnonb3yeMoft* b cnoco6e boahwx pacTBopoa no 
HacTOfliAeMy M3o6peTeHnio. 

0>nr. 3A-3D HB/ifliOTCfl cxeMaTMnecKHMM 
npeACTaaneHHflMH (A) amoMepaTOB 
HaHOCTpyfcrypHbix nacTui^ b cootbotctbhm c 
n3oopeTeHneM, HMeJOLUMx HM3Kyio CTeneHb 
npoHUL^aeMOCTn, (B) 6nMOAanbHbix 
(cMeiuaHHwx) KOMno3HTOB M3 amoMepaTOB 

HaHOCTpyKTypHblX M3CTMI4 C HaHOCTpyKTypHbIMM 

BonoKHaMM no HacTORineMy MaoCpeTeHMJo, 
MMeiOLi^MX cpeAHK>K> CTeneHb npoHMi^aeMOCTM; 
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(C) KOMn03MTOB M3 HaHOCTpyKTypHblX MaCTML^ C 

HaHOCTpyKTypHbIMM BonoKHaMM no HacTORiueMy 
M3o6peTeHMio, MMeioiAMX CTeneHb 

npoHMqaeMOCTM Bbiuje cpeAHeC^; m (D) 
xaoTMMHyio HennoTHo cnneTeHHyio ccopKy 
HaHOCTpyKTypHblX BonoKOH no nacTOflineMy 
MsoGpeTeHMio, MMeiou^yio BbicoKyio CTeneHb 

npOHML^aeMOCTM. 

dmr.4 npeACTasriReT bma HaHocTpyKTypHoC^ 
Ni(OH) 2 no HacTOflineMy M3o6peTeHMio noA 

ClOHMpyiOLI^MM SneKTpOHHbIM MMKpOCKOnOM 

(C3M), noKa3bisaioiAMW ccpepMHecKyio 
Mop4>onorMio. 

0>Mr.5A m 5B npeACTaBXinioT bma 
HaHocTpyKrypHOft Ni(OH)2 no HacTOfli^eMy 
M3o6peTeHMK) noA MMKpocKonoM nepeHoca 
3neKTpoHOB (MI13), noKa3biBaiou4M^ (A) 
paBHOocHbie 3epHa; m (B) CMecb 

BblCOKOnOpMCTblX HaHOBOflOKOH M pa B HOOCH blX 
H3CTMLJ. 

OMr.6 npeACTaBiiReT C3M-MMKporpaMMy, 
noKasbiBarai^yio CTpyicrypy nTMHbero me3Aa Ann 

HaHOCTpyKTypHOrO KOMn03MTa AByOKMCM 

MapraHua no HacToniAeMy M3o6peTeHMio. 

OMr. 7A-7D npeACTaBrifleT 
C3M-MMKporpaMMbi, noKa3biBaK)ii^Me 
HaHOBonoKHMCTyio CTpyicrypy nTMHbero me3Aa 
no HacTORineMy M3o6peTeHMio, B03HMKaioLnyio 
(A) nocne ocaJKAeHMfl, (B) nocne TennoBO^ 
o6pa6oTKM b TeneHMe 2 h, (C) nocne Tennoaofl 
o6pa6oTKM b TeneHMe 8 h, m (D) nocne 
TennoBOM o6pa6oTKn b TeneHne 24 h. 

Onr.8 npeACTaBnfleT AanHbie 
peHTreHOAH(})paKTOMeTpMM (XRD), 
noKa3biBaioiAMe doct HaHOCTpyKTypHblX BonoKOH 
AByoKMCM MapraHLja no M3o6peTeHMio npM 
yBenMHeHMM n pOAon?KM Ten bH oct m TennoBO^ 
o6pa6oTKM. 

OMr. 9A-9D npeACTaBnflioT 
C3M-MMKporpaMMbi, noKa3biBaioiAMe pocT 
CTpyKTypbi nTMHbero me3Aa HaHOCTpyKTypHblX 
BonoKOH, nerMpoBaHHbix KooanbTOM (A) nocne 
ocaweHMfl, (B) nocne Tennosotf o6pa6oTKM b 
TeneHMe 2 h, (C) nocne TennoBOM o6pa6oTKM b 
TeneHMe 12 h m (D) nocne TennoBOM o6pa6oTKM 
b TeweHMe 48 h. 

<t>Mr. 10A m 10B npeACTaBnnioT bma pemeTKM 
HaHOCTpyicrypHbix BonoKOH AByoKMCM MapraHL^a 
no HacTOfliMeMy M3o6peTeHMio nofl MMKpocKonoM 
nepeHoca aneicrpoHOB BbicoKoro pa3peiueHMfl 
(Mn3BP); (A) noKa3biBaeT nonepeHHoe 
ceneHMe, HopManbHoe k HaHOBonoKHy, rAe 
bmahh TyHHenM pemeTKM m HaHOCTpyicrypHbie 
AbipKM; m (B) noKa3biBaeT yBenMHeHHbiti bma Ha 
TyHHenM pemeTKM, rAe cxeMaTMHHoe 
npeACTaeneHMe eAMHMHHO^ nne^KM (rpaHMua 
noKa3aHa cnpaBa) Hano>KeHO na M3o6pa>KeHMe 
MH3BP (o6e o>Mrypbi noKa3biBaiOT oamh m tot 
>K6 bma). 

<J>Mr.1 1A-1 1 D HBnfllOTCfl CXeMaTMHeCKMMM 

npeACTaBneHMAMM (A) BHyTpeHHe^ CTpyKTypbi 
HaHOCTpyicrypHoro BonoKHa no HacTOfm^eMy 
M3o6peTeHMio, noKa3biBafou^eM rpaHMHHbie 
AMcnoKai4MOHHbie A^nonM, TyHHenM pemeTKM m 

HaHOCTpyKTypHbie AbipKM, (B) BHyTpOHHMX 
aKTMBHblX qeHTpOB, (C) BHeLUHMX aKTHBHblX 

i^eHTpoB m (D) rM6pMAHoro aKTMBHoro 
HaHOCTpyicrypHoro BonoKHa c yKaaaHMeM 

BHyTpeHHUX M BHGLUHHX aKTMBHblX L^eHTpOB. 

0Mr.12A-12E cxeMaTMHHO noKa3biBaioT 
TpaHcc{xDpMai4Mio crpyicrypbi nTMHbero me3Aa 
AByoKMCM MapraHi^a no HacTOflujeMy 
Mso6peTeHMio: (A) arnoMepaTW HaHonacTMi^, (B) 

nOflBMBUJMeCn 3apOAblllJM HaHOBOnOKOH, (C) 

npeo6pa30BaHHbie AnMHHwe BonoKHa, (D) 
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B3aMMonpoHHKaK)U4Me nyHKn bohokoh n (E) 
nonHOCTbK) pa3SHTa?i CTpyKTypa nTnnbero 
me3fla. 

<t>nr. 13A n 13B npeACTaBJifiiOT (A) 
Mn3BP-M3o6pa>KeHMe HaHOCTpyiaypHoro 
BonoKHa MnOj no n3o6peTeHwo, ysnAeHHoe 
nepneHflnicynnpHO k nonepeMHOMy ceHeHwo 
Ha HOBonoKHa , n (B) cxeMaTM^ecKoe 
npeACTaBJieHne AncnoKai^noHHoro AMnonfl, 
noKa3aHHoro Ha 4>nr.13A. 

<Pnr. 14A n 14B npeACTaBnaiOT 
Mn3BP-n3o6pa>KeHMfl peweTKH MnO 2 no 
n3o6peTeHnio, yBUfleHHbte napa/inenbHO ocn 
Bo/ioKHa, noKa3bJBaK)ii^kie (A) KOHeHHyra TOMKy 
nnHUM flucnoKaunn c Merbipbivm A^cnoKaunHMn 
rpaHki, rfle ocn AncnoKaqnn yKa3aHbi CTpenKaMn; 

M (B) pa3/1HHHbie (fcOpMbl nOBSpXHOCTM BOJIOKHa. 

<t>nr. 15A n 15B npeACTaBnaiOT 
pacnpeAeneHWfl pa3Mepa nop HaHocrpyiaypHoro 
BonoKHUdoro MaTepnana M3 AByoKucn 
MapraHL^a npn (A) KOHqeHTpaijnn Mepy\ Q.1M n 
(B) koh 14G ht pa L\M m MeAn 0.4M. 

Our. 16A n 16B npeAcraBnaioT KpUBbie 
rncTepe3nca aAcop6i4nfl/Aecop6i4nfl Ana (A) 
0,1 M MeAM, AooaBneHHOtt KaK npncaAKa b 
AByoKUCb MapraHi^a, n (B) 0.4M MeAM, 
AooaaneHHoft KaK npncaAKa b AByoKUCb 
MapraHL^a. 

<t>nr.17A n 17B npeACTaB/iflK)T: (A) 
Mn3-MMKDorpaMMy, noKa3biBaiomyK) 
MopcJ)onornK> MacTnij HaHOCTpyicrypHon 
CTa6nnn3npOBaHHon" nrrpneM okmcm l^pkohmh, 
CMHTe3npoBaHHOM no HacTOflu^eMy 
n3o6peTeHnio, n (B) MIISBP-MnKporpaMMy, 
noKa3biBaioiMyK> bha penieTKn MacTnu b (A). 

B cooTBeTCTBMM co cnocoooM HacTORii^ero 
n3o6peTeHMfl HaHocTpyKTypHwe okmcm n 
ruAPOOKMCH MeTannoB nonynaioT mbtoaom 
BOAHoro xnMnnecKoro pacTBopa, BK/iKwaiOLUMM 
nonyneHne ncxoAHoro BOAHoro pacTBopa n 
BOAHoro pacTBopa peareHTa, no MeHbwefi Mepe 
oahh H3 KOTopbix coAeprcnT no MeHbiuen" Mepe 
oAHy npeAtuecTsyiOLAyio conb MeTanna; 
pacnbineHne BOAHoro pacTBopa peareHTa b 
BOAHbif^ ncxoAHbiW pacTBOp Ana nonyneHna 
HaHocTpyKTypHoro nopoiuKa; TennoByio 
o6pa6oTKy HaHocTpyKTypHoro nopowKa Ana 
nonyMeHMH wenaeMofi KpncTannnnecKofl <#a3bi; 
BbiAeneHne KpncrannnHecKon" $a3bi; 
ynbTpa3ByKOByio o6pa6oTKy KpncTannnMecKofi 
0a3bi An« Ae3MHTerpaL\MM nio6bix arperaTOB 
noponiKa n Ann BBeAeHnn AecfceicroB peweTKvi b 
HaHOKpucrajinnMecKne MacTML^bi; 
pacnbinnTe/ibHyK) cywKy oopaooTaHHbix 
ynbrpa3ByKOM nopoiuKOB Ann nonyneHnR 
HaHOCTpyicrypHbix c0epnHecKnx arnoMepaTOB 
nopoiuKa. 3tot cnoco6 ooecnennBaeT xpafiHe 
6biCTpoe 3apo>KAeHne HaHOHacrnij n 

n0flaBfl8HHblM pOCT HaHOHaCTMl^, HTO npMBOAUT K 

o6pa30BaHMK) b 6onbW0M o6"beMe 

HaHOCTpyKTypHblX nopOUJKOB, MMeiOlAMX 
BblCOKyiO nnOTHOCTb aKTMBHblX UeHTDOB. 3th 

HaHOCTpyKTypHbie oKucHbie n rnApooKncHbie 
MaTepnaiibi npnroAHbi Ana MHowecrBa 
oonacTefi npnMeHeHna, BK/nonafl 

BblCOKOaKTMBHbie K3TanH3aTOpbl, 

nepesapjwaeMbie oarapen, TonnnBHbie 
aneweHTbi h MonexynnpHbie cma; 
BbicoKonopwcTbie CTpyioypbi, ooecneHMBaiou^He 
nepKonni^MK) peaKi^MOHHbix rasoBbix w >khakmx 

<&aZ, C OAHOBpeMeHHWM KOHTaKTOM 

peaKi^MOHHbix ra30Bbix nun ncciakhx 0as c 

BblCOKO^ n/IOTHOCTbK) aKTMBHblX L^eHTpOB BHyTpM 

arperaTOB HaHocTpyKTypHoro MaTepnana; 
nopncTbie KepaMnnecKMe MaTepnanbi 
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TennosamMTHbix noKpw™fl; nnoTHwe 
KepaMMHecKne noKpbiTMfi; m nopoaiKM aha 
oo^eMHoro oTBepweHna An« nonyneHnw 

HaHOCTpyKTypHblX KepaMMHeCKMX KOMnOHeHTOB. 

Cnoco6 TaKxe npnroAeH Ana nonyMeHHfl Apynx 
HaHOCTpyKTypHblX KOMno3HTHbix MaTepkianoB. 

AnnapaTypa An« nonyneHMR 
HaHOCTpyicrypHbix MaTepnanoB, BKnioHafl okvicm 
m TMApooKvicn, no cnoco6y HacTOHi^ero 
M3o6peTeHHfl noKa3aHa Ha cfwr.2. YcTaHOBKa 1 0 
BKnioHaeT peaKi^MOHHbifl cocyA 12, coAep)Kaii^M^ 
ncxoAHbi^ pacTBop 14, OOOpyAOBaHHblfl 
Meoia/iKoii 16, pH-oneiapoA 18, hctohhmk 
ocHOBaHna v\m oxncnMTenfl 20 m cncTeMy 
pacnwneHnfl 22. CncreMa pacnbineHMfl 
BK/iioHaeT conno 24 Ana noAann pacTBopa 
peareHTa 26. Kax noKa3aHo Ha cf)Mr.2, 
pacnwneHMe MOKer npoBOAMTbcn ra30M 28, 
HanpMMep, N2 mum 3ByKOM (He noKa3aHO). 
CncTeMa AononHviTenbHO BK/nonaeT Tpy6y 30, 
cHa6>KeHHy K) BbicoKonpons BOAMTeribH biM 
nacocoM 32 An« peuMpKyji«unM mcxoahoto 
pacTBopa 14. Pei^npKynvipyeMbiW hcxoahw^ 
pacTBop 14 pacnbinaeTCH b peaKunoHHbi^ cocyA 
12 nepes conno 34. OAHOBpeMeHHoe 
pacnbineHkie n ncxoAHoro pacTBopa 14 n 
pacTBopa peareHTa 26 b peaKLjHOHHbifi cocyA 12 
ooecneMMBaeT CMetueHne peareHTOB Ha 
Monei<yji5ipHOM ypoBHe. 

npoqeAypa cnHT63a HaHOCTpyKTypHblX 
OKMcei^ m rnAPOOKncei^ b 6onbiUMX KonvmecTBax 
b L^enoM BK/iioMaeT, npe>KAe Bcero, chht63 
HaHocTpyKTypHOf^ okhcm mjim tmapookhch nyTeM 
oca>KA@HMR M3 CMecn BOAHoro ncxoAHoro 
pacTBopa n boahoto pacTBopa peareHTa. 
BoAHbie pacTBOpbi roTOBATca M3 
BOAOpacTBopnMbix XMMMKajinCi m coflepKaT no 
MeHbiueC^ Mepe OAHy npeALuecTByioiAyio conb 
MeTaxiJia hjih peAK03eMejibHoro sneMeHTa n 
OKMcnnTenn n/nnn ocHOBaHnw b saBncnMOCTM ot 
cocTaBa nonynaeMotf okmcm n/in thapookucm. 
McxoAHbie pacTBopbi MoryT, KpoMe Toro, 
coAep>KaTb no MeHbiuefi Mepe OAHy 
AonoriHnTeribHyio conb MeTanna nnn 
peAK03eMeribHoro aneMeHTa, HTo6bi Bbif^TM b 
o6nacTb nernpoBaHHbix MeTannaMM 
HaHOCTpyicrypHbix nopoiuKOB c 3apaHee 
3aAaHHbiMM xMMnnecKkiMki, CTpyKTypHbiMki m 
paCoHMMM xapaKTepucTHKaMH. 

OcaweHne nHnqwHpyeTCR pacnbmeHneM 
pacTBopa peareHTa m BOAHoro kicxoAHoro 
pacTBopa b peaKUMOHHbi^ cocyA, coAep^au^MM 
bo ah bin ncxoAHbifl pacTBop. Hcnorib3yeMbi^ 
3Aecb TepMkiH "pacTBop peareHTa" osHanaeT 
pacTBop, KOTopbi^ pacnbinneTCfl, a M ncxoAHbiC^ 
pacTBop" 03HanaeT pacTBop b cocyAe 12, 
KOTopw^ npoKaMHBaeTCH nepe3 Tpy6y 30 n 
pacnbinneTca b aapo3onb Anfl KOHTaicra c 
pacnbineHHbiM pacTBopoM peareHTa. 3tm 
TepMnHbi BBeAeHbi TonbKO Ann yAo6cTBa, TaK 
KaK HM>KecneAyK)iAee onncaHne n npnMepbi acho 
noKasbiBaiOT, mto npeAUjecTByioiAaR conb (nnn 
conn) MeTanna mop/t 6biTb pacTBopeHbi nnn b 
pacTBope peareHTa nnn ncxoAHOM pacTBope b 
3aBncnMOCTn ot cocraBa KOHKpeTHO^ 
cnHT63npyeM0« OKncn nnn rviApooKncn. 
PacnbineHne MO>KeT npoBOAHTbcn AaaneHneM 
nnn ynbTpa3ByKOM. Mcnonb30BaHne 
coBMecTHoro pacnbineHna Ann CMeujeHnn 
ncxoAHoro pacTBopa n pacTBopa peareHTa 
03HaHaeT, hto o6pa30BaHneM 3apoAbiiue^ n 
pocT ocaAKa HaHocTpyKTypHoro nopoiuKa MO)KeT 
6blTb tohho n BocnponsBOAMMO 
perynnposaTbCfl. OcaAOK MOxeT 6biTb b cf)opMe 
aMopc})Horo nopoiuKa, nacTn^no 
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KpucTannnnecKoro nopowKa win 

KpncTannnMecKoro nopoiuKa. napaMeTpbi 
npoijecca, KOTopue onpeAe/iflioT cocTaB, 
Mopcfeonorwo m bwxoa ocaflKa HaHocrpyiaypHofl 

OKVICH HJ1H rnApOOKMCM, BKHK)Ma»OT pH, 

KOHqeHTpai^MK) npeAiuecTByfomefl cojim n 
Apyrwx pearemoB m cKopocrb noAann pacTBOpa. 

nocne oca>KAeHMfl HaHOCTpyKTypHblX 
nopomoK noABepraeTcn Bbi3peBaHwo min 
Tennoaofl o6pa6o™e b TeMeHne BpeweHW, 
AOCTaTOMHoro An* npeBpameHwa no/iHocTbio 
nnn HacrnHHo KpncTannnMecKoro 

HaHocTpyiaypHoro nopoiuKa b wenaeMoe 
KpncTanriMMecKoe cocTOHHne. 3Ta npoijeAypa 
RBfijieTCR onpeAenaioinefl, TaK KaK OHa 
npeAHa3HaMeHa ppn cTa6nnn3aLjnn 
HaHOKpncTanjiMHecKoC^ cTpyicrypbi. napaMeTpw 
npoi^ecca, KOTOpbie onpeAeriflJOT Mopcfxanon/iK) w 
bwxoa HaHOKpncTa^nnHecKoro nopoiuKOBoro 
npoAyicra, BKnioMaioT TeMnepaTypy HarpeBa, 
BpeMw HarpeBa h pH pacTBopa. 

nocne BbiapeBaHMH mjim TennoBofl 
o6pa6oTKM HaHOKpncTannnHecKne nopowKM 
o6bNHO BWAe/iJiK)T <£nnbTpaLiMeR m npoMbiBaicrr 
Anfl yAaneHMfi noooHHbix npOAyKTOB, 
npeAnoMiwe/ibHo ncnoribayn 
A©noHH3npoBaHHyK) AHcrnnnnpOBaHHyfo BOAy 
mjih ApyroM noAXOAfliMMM pacTBopnTenb. 

CneAytomeM cjaweft HBnaeTCfl 
ynbTpa3ByKOBa« oopaooTKa cycneH3nn 

HaHOKpMCTaJlJIWMeCKHX wacTHL\ c 

MCnOflb30BaHMeM MHTeHCHBHOrO 

yjibTpasByKOBoro soHAa. yribTpa3ByKOBa« 
o6pa6oTKa Ae3HHTerpnpyeT nioobie arperaTbi 
noponiKa n bboamt AecfreKTbi peiueTKn b 
HaHOKpncTajinnMecKne MacTML^bi. 3th AetfceKTbi 
MoryT oKasbiBaTb Ba>KHoe Bnn^Hne Ha 
noBeAeHne tmapookmcm h^ko/ir, Hanpwviep, 
KorAa OHa wcnonb3yeTCR KaK aKTWBHbiH 
Maiepnan a™ HMKeneBbix oneKTpoAOB. 
flapaMeTpbi, KOTopbie bjimrkjt Ha KOHeMHbifi 
npoAyKT, BKJiKwajoT Mou^HOCTb yribTpasByKa n 
speMfl o6pa6oTKH. 

KoHenHofi CTaAne^ RBnneTCR 
pacnbinnTeribHafl cyiuKa o6pa6oTaHHOfl 
ynbTpa3ByK0M cycneH3nn HaHOMacTMj Ann 
nojiyneHnq HaHonopucTbix cct>epvmecKkix 
arnoMepaTOB nopoiuKa. 3Ta npoijeAypa AaeT 
amoMeparbi HaHOCTpyicrypHbix HacTHij, rAe 
amoMepaTbi HMetoT AnaMeTp b MHTepBane ot 
npwviepHO 0,1 ao 200 mkm, npeAnoMTWTenbHO ot 
1 AO 100 mkm, m Han6onee npeAno^wenbHO 
OKono 20 mkm. Bo BpeMR pacnbuiMTe/ibHofi 
cyujKn MMeeT MecTo 6bicTpoe ncnapeHne, KorAa 
pacnwrieHHwe Kane/ibw BCTynaioT b koht3Kt c 
noTOKOM ropRMero B03Ayxa pjr\n o6pa30BaHHR 
ruieHKH HacbitneHHoro napa. 

npoAOJi>KviTenbHOCTb McnapeHHR saBMcm ot 
ckopocth An4)4>y3MM snarn Mepes 
noBepxHOCTHyK) o6onomcy. no Mepe Toro, KaK 
Tonu^HHa o6onoHKM yBenMHMBaeTca bo BpeMeHM, 
MMeeT MecTo cooTBeTCTByioinee yMeHbLueHne 
CKopocTn HcnapeHUR. nocKo/ibKy McnapeHne 
HBjmeTCH 3HAOTepMHHecKMM npoi^eccoM, 
noBepxHocTb KaneneK ocTaeTca xonoAHofi ao 
Tex nop, noKa ncnapeHne He 3aBepwnTCR, 

HeCMOTpfl Ha TO, MTO HOTOK BOSAyxa MO>KeT 6blTb 
AOCT3TOMHO TOpRMMM. McnOflb30BaHHe 

a3po3onbHofl pacnbuinTeribHo^ cyujKM 
ooecnennBaeT to, hto KOHenHbi^ nopoiuoK (to 
ecTb, Ni(OH)2) He coAep^MT He)KenaTeribHbie 
<pa3b\, KOTopbie MorriM 6bi o6pa3oaaTbCR npn 
HarpeBaHMM Bbiiue 200°C. napaMeTpw, 
B/iMRK)iAkie Ha npoijecc, BKnwMafOT cKopocTb 
noAann cwpbfl, TeMneparypy ra3a na BXOAe n 
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HaHOCTpyKTypHblX 

ncno/ib30BaHne 
BeiAecTB, n (V) 
HaHonacTMM Ann 
arnoMepaTOB c 



BbixoAe m KOHeHTpai^MK) cycneH3nn. 

BapkiaHTbi hrtm BbiujeonncaHHbix 
nocneAOBaTe/ibHbix cramb Mcnonb30Banncb 
npn cnHTe3e HaHOCTpyicrypHbix MaTepnanoB 
pa3/iyNHoro cocTaBa. HanpuMep, npn cnHTe3e 
CTa6nnn3MpOBaHHotf MTTpneM okhch l^mpkohur, 
oca>KAeHHbie nopowKn BHanane BWA©nflnn, a 
saTeM o6pa6aTbiBa/in yxibTpasByxoM c 
nocneAyioineW TennoBort o6pa6oTKofl. nopoiuKM 
nocne TennoBoi^ o6pa6oTKki AMcneprnpoBann b 
boahom CB«3yiou4eM, HanpMMep, 
nonnBMHnnoBOM cnnpTe (nBC) nepeA 
pacnbinnTenbHoC^ cywKott 

npneMbi, ncno/ib30BaHHbie Ann 
perynnpoBaHUR KMHeTnKn XMMnnecKnx peaKi^n^ 
vi o6pa30BaHna m pocTa 3apoAbiiue^ 
oca)KA6HHbix $>a3, HBJiflioTCfl onpeA©riRK3innMn 
Anw ocyu^ecTBneHHR HacTOflinero M3o6peTeHkm. 
3tm onpeAenflfomne npneMbi BKnionaioT: (I) 
ncnojib30BaHne pacnbinennw coeAMHeHMR 
mcxoahwx peareHTOB; (II) TennoByio o6pa6oTKy 
pacTBOpa peareHTOB npn 3aAaHHWx 3HaneHHRx 
pH n 8peMeHn peaKi^nn; (III) ynbTpa3ByKOByio 
o6paooTKy cycneH3n^ 
nopoiUKOB; (IV) 

nOBepXHOCTHO-aKTHBHblX 

pacnbinnTe/ibHyio cyiuKy 
nonyMeHns >xenaeMbJx 
perynnpyeMOM nopMCTOCTbK). 

MaTepnaxibJ, cnHTe3npyeMbie no 
HacTOfli^eMy nsoopeTeHnio, BKnioMaioT 
HaHocTpyKTypHyjo AncnepcHyfo n BonoKHMCTyio 
rviApooKncb HHKen« n HaHOCTpyioypHyio 
AncnepcHyio rviApooKncb HHKe/iR, nernpoBaHHyio 
MeTannaMn, BKn»OHaiomnMn, ho He 
orpaHnMeHHbiMM 3TMM. Co, Al, Cd, Mn, Zn n 
Apyrne nepexoAHbie MeTanxibi. MoryT 6biTb 
TaKxe nonyneHbi AncnepcHaR n BonoKHHCTaa 
HaHOCTpyKTypHafl AByoKncb Maprani^a n 
AMcnepcHan n BonoKHMCTaR HaHOCTpyicrypHaR 
AByoKncb MapraHLja, nernpoBaHHaR Co, Fe, Pt n 
ApyrMMM Ao6aBKaMn, a TaioKe AHcnepcHaa 

HaHOCTpyKTypHaR OKMCb l^npKOHMH, 

CTa6n/iM3npoBaHHaji nnpneM. flpyrne MncTbie, 
CMeiuaHHbie nnn cnoxHwe okmch n rviApooKncn, 
npuroAHbie Ann cnHTe3a BbJiueonncaHHbiM 
cnoco6oM, BK/iio«-iaK5T an?OMi/iHnfl, KpeMHM^, 
MamuM, umhk, Monn6AeH, uttpmm, qupKOHM^, 
MeAb, KoOa/ibT, BaHaAn^, cepeGpo, tutbh, 
>Kene30, HMKenb n Bonb$paM, a TaioKe 
peAK03eMeribHbie MeTannw. 3tm m Apyrne 
aneMeHTbi, n3BecTHbie b npaKTMKe, TaKne KaK 
Li^enoHHbie MeTannbi, GnaropoAHbie MeTannw m 
nonynpoBOAHMKOBbie MeTannw MoryT 6biTb 
ncnonb30BaHbi KaK nerMpywu^ne npucaAKM. 

B nacTHOCTM, peann3aunn cnoco6a no 
M3o6peTeHMio npusena k cuHTesy HOBoro Knacca 
HaHOCTpyKTypHblX MaTepnanoB, BK/iKwaioineMy 
BonoKHa, nMeioii^Me A^aMeTpw s HaHOMeTpoBOM 
Anana30He. npucyTCTBue TaKnx 

HaHOCTpyKTypHblX BonoKOH A3 si" MaTepnanbi, 

MMeiOlAHe BblCOKyiO n/lOTHOCTb aKTMBHblX 

i^eHTpoB npn ynymueHHbix ckodocthx 
nepKonflHun cpeAw (rasa nnn wuakoc™). 
noKa3biBaeT HOBbie CTpyirrypw no n3o6peTeHMK) 
b cpaBHeHnn c arnoMepaTaMM HacTkm no 
M3o6peTeHnio. KaK bhaho Ha 0nr. 3A, KOHTaKT 
raaa nnn >kmakocth c arnoMeparaMM 50 
HaHOCTpyKTypHblX ^acTHL^ 52 orpaHnnen 
noaepxHOCTbio 54 arnoMepaTa 50. 

nepBafl cfcopMa hobom Mopct)onornn no 
HacToqu^eMy M3o6peTeHHfO noKa3aHa Ha 4>nr. 
3B, rAe KOMno3MTbi 60 no M3o6peTeHMK) 
BK/iKwaioT amoMepaTbi 62 HaHOCTpyicrypHbix 

MaCTMl^, MMeiOlUHX BbiCOKyK) n/lOTHOCTb 
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aKTMBHblX l^BHTpOB Ann ycKopeHkm peaKijvifl 
cpeAa/TBepfloe Teno, n BonoKHncTbie HennoTHo 
cn/ieTeHHbie arperaTbi 66, KOTopbie 
oCecneHUBaioT cpaBHUTenbHO nencvifl nyTb Ana 
nepKon^unn peaKijMOHHofl hchakocth nnn ra3a 
nepea KOMno3MT 60. PeareHTbi, npoxoAfl nep83 
HaHocTpyirrypHbie BonoKHa 68, o6pa3yioinne 
c6opKy 66, TaKviM o6pa30M, HenpepuBHo 
KOHTaKTupyioT c amoMepaiaMM HaHOHacTMLj. 

KopOTKMe paCCTOflHMfl AHC}X|)y3HM BHyTpb n 

Hapy>Ky xnwinMecKvi win KaTa/inTHMecKM 
aKTMBHbix amoMepaTOB ooecnennBaiOT BbicoKyjo 
CKopocTb peaKunM. 

Bo BTopotf cfeopMe hobom Mopcfconorun no 
HacTOJimeMy M3o6peTeHwo (c£nr.3C) KOMno3MT 

70 COCTOMT M3 HaHOCTpyKTypHblX H8CTHLJ 72, 

npuKpenneHHbix k Ha Hocipy icry pn w m BonoKHaM 

74 B CpOpMe XaOTVIHHO B3aMMOCBfl3aHH0M 

HGnnoTHO cnneTeHHofl c6opxn 76. On«Tb-TaKH 
HennoTHafl BonoKHUCTan coopKa 76 
ooecnennBaeT cpaBHMTenbHo nerKHfi nyTb 
nepKOJifltiMn peaKijHOHHofi >khakocth nnn ra3a 
nepes KOMno3MT 70, n peareHTbi, npoxoAfl nepe3 
HaHocTpyirrypHbie BonoKHa 74, TaKnM oo~pa30M, 
HenpepuBHo KOHTaxrupyraT c 

HaHocTpyKTypHbiMM MacTnijaMH 72. KopoTKwe 
paccTOflHM^ pyi<p(py3m BHyTpb n Hapyacy 
KOMno3HTa 70 ooecnennBatoT Bbicoxyio CKopocTb 
peaKunn. 

KaK noxa3aHO Ha cf)nr.3D, TpeTbfl c}>opMa 80 
coflepKMT HaHOCTpyKTypHbie BonoKHa 82 b 
<$OpMe XaOTUHHO B3aHMOCBR3aHHO^ HennoTHo 

cnneTeHHofi coopKn 84. 3A©cb cawin BonoKHa 
ooecneMHBaioT Bbicoxyio nnoTHOCTb aKTMBHbix 
L^eHTpoB Ann ycKopeHMfl peaKi^nCi TBepAaa 
TeKynafl cpefla (ra3 nnn >KHflKOCTb). 

3th HOBwe CTpyKTypw nerKO oopa3yioTCH b 
npoi^ecce cnHTesa no HacToameMy 

H306p@T9HHtO B yC/lOBHflX, nOAPO^HO onncaHHbix 

HH>Ke. B 3tmx ycnoBMflx amoMepaTbi 
HaHocTpyicrypHbix HacT^m nocTeneHHo 
npeBpaii^aK)Tc« b BonoKHMCTbie o6"beKTbi, 

Ka>KAbtM H3 KOTOpblX COA©P>KMT Tp6XM6pHyK) 

xaoTUHHyio HennoTHyio TKaHb H3 
HaHOCTpyKTypHblX BonoKOH. ripeBpameHne 
nponcxoAUT ot Hapy>KHOfl noBepxHocTM k HAPy 
ncxoAHbix amoMepaTOB HaHocTpyicrypHbix 
nacTMi^. noxiHan TpaHcc|)opMai^nH AaeT 
HennoTHo cnneTeHHyio cTpyioypy, v\Me\oa\y\o 
TunnMHyio o6"beMHyio nnoTHOCTb He MeHee neM 
npniwepHo 20%. HaHocTpyicrypHbie BonoKHa 
MMetoT A^aMeTp MeHee MeM npuMepHO 100 hm, 
npeAnoHTHTenbHO MeHee neM npuMepHO 50 hm, 
m Han6onee npeAnoHTMTeribHo b MHTepBane ot 
npuMepHO 5 ao 10 hm, m cooTHOLueHMe 
pa3MepoB (AnnHa/AnaMeTp) bonee neM 
npuMepHO 10. 

OTHocMTeribHo Manbie BapnaL\un ycnoBkifi 
CklHT63a npuBOA^T K 6onbLUHM BapnauMflM B 

pa3Mepe, cfeopMe m pacnpeAenennn m 
nepBOHaMa/ibHbix amoMepaTOB HaHOMacTMi^ h 
nojiyHaKNAMXca HaHOCTpyKTypHblX botiokoh m 
c6opoK. fl/ifl npMMeHeHMfl b KanecTBe 
KaTann3aTopa m b Apyrux o6nacTflx 
npeAnoHTMTeribHo, HTo6bi npeBpameHne 
ocyi^ecTBMnocb ToribKO nacTkiMHO, Aasan b 
pe3ynbTaTe CTpyiaypy, rAe nepBOHanaribHbie 
amoMepaTbi HaHOCTpyKTypHblX MacTML\ 

OTAeneHbl TOHKMM CflOeM B3aHMOCBfl3aHHblX 

HaHOCTpyxTypHNx BonoKOH. TaKaa Mop0onorn« 
KOMno3HTa AaeT CTpyioypbi, MMeioiMMe Bbicoxyjo 

nnOTHOCTb aKTMBHblX l^eHTDOB M BblCOKyiO 

yAenbHyio noBepxHOCTb, a Taiwe yBennneHHbie 
ckopoctm nepKo/iHUMM b npocTpaHCTBe Me>KAy 
amoMepaTaMM. BapnauviM oTHOCMTenbHbix 
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o6beMHbix Aonetf arnoMepaToa 

HaHOCTpyKTypHblX HaCTHlJ M HaHOCTpyKTypHblX 
BOflOKOH H/1M HaHOCTpyKTypHblX HaCTHU n 
HaHOCTpyKTypHblX BOJIOKOH npMBOAAT K 

BapMauMM CTeneHU xMMnnecKO^ peaKUMOHHoH 

CnOC06HOCTM H CKODOCTM nepKOJlfll^HM cpeAW n 
n03BOT1f1IOT T3KMM 06pa30M OnTMMM3MpOBaTb 

MaTepnan Ann KOHKpeTHoro npuMeneHMfl. flna 
HeKOTopux o6nacTeC^ npuMeHeHnq 
npeAnoHTMTe/ibHbi HaHocTpyicrypHbie BonoKHa c 
paccTOPHneM Me>KAy hmmm ot npuMepHO 0,5 ao 
npuMepHO 200 hm, npeAnoMTMTenbHO ot 
npuMepHO 5 ao npuMepHO 50 hm, win noHTM 
conpnKacaioiAnecfl Apyr c APyroM. riopncTocTb 
Ha ho Bon o koh h ofi HennoTHo cnneTeHHO^ tk3hh 
npeAnoHTMTeribHO conbiiie hom npuMepHO 60% 
oG^beMa n 6onee npeAnoMTHTe/ibHo 6onbwe, 
neM 80% ot o6"beMa, hto ooecnennBaeT 
BbicoKyio CKopocTb nepKOfiHi^nn BemecTsa. 
KoMno3HTbi npeAnoHTMTenbHO BicnioHaioT 
6onbiue mom npuMepHO 60 o6.% amoMepaTOB 
HaHOCTpyKTypHblX nacTHLj n npeAnoHTnTenbHo 
6onee hbm npuMepHO 90 06 %. 

Ha6riK)AaeMoe npeBpameHwe 
HaHonacTMi^bi/HaHOBonoKHa conpfl>KeHo co 
SHaHkiTeribHbiM yweHbweHneM yAeribHoP^ 
noBepxHOCTn MaTepnana. He CB«3b!Baa oto c 
Teopwe^, 3TO npeBpaineHne npeACTaBn^eT 
co6om npuMep MexaHM3Ma yKpynHeHMfl, 
AeC^CTByioinero b cpa3e pacTBopa, c peaKqHefl, 
nAyi^e^ maBHbiM o6pa30M 3a cneT cnn>KeHn« 
noaepxHOCTHoC^ 3Heprnn. noAo6Hbifi MexaHM3M 
npeACTaBJineT co6oi^ pocT BonoKHa nyTeM 
nocTeneHHoro pacTBopeHMH HaHonopoujKa b 
>khakom 4)a3e, conpOBo>KAaeMbi^ TpaHcnopTOM 

)KMAKO^ Cf)a3bl OT paCTBOpeHHblX MaCTML^ K 
paCTyiAHM KOH l^a M HaHOBOJIOKOH. 3tot npocToB 
MexaHM3M yKpynHeHMn Aon>KeH 6brrb o6iamm Ann 
MHornx Apyrvix cmctom MaTepnaxia, TaK hto 
HacToaiAee M3o6peTeHne ao/dkho 6wTb 
npMMeHMMbiM aha lunpoKoro Kpyra KOMno3ML\HM. 

HoBbie MaTepnaribi, onncaHHbie 3Aecb, 
npnroAHbi aha lunpoKoro Kpyra HcnonbsoBaHkm 
KaTanM3aTopa, BKnioMaioinero ycTpo^CTBa a^r 
6opb6bi c 3arpR3HeHMflMM, TonnnBHbie 
3/ieMeHTbi, nepe3apfl>KaeMbie 6aTapen, 
MoneKynnpHbie cMTa n cHHTeTHHecKwe 
KaTaxiM3aTopbi. YcTpoC^CTBa Anw 6opb6bi c 

3arpfl3HeHMHMM BKJlK)HaK)T Te, KOTOpbie MMeiOT 

ct)nnbTpbi B03Ayxa min kmakoctm ati« 
aBTOMo6nne« unn APyrnx TpaHcnopTHbix 

CpeACTB, MflM A^R AOMOB, KOHTOp H 3A8HHM. 

flpyrnM npnMeneHneM b stoH o6nacTM 
RBTifleTCfl HaHeceHne KaTannTnnecKnx noKpbiTHtf 
Ha 60/ibUJne nnoiAaAn, HanpMMep 
3/ieKTpo0opeTMHecKHM OTno^eHneM, rAe 
Hano>KeHMe sneiapnnecKoro nona nonepeK 

OJieKTpOCTaTMHeCKM CTa6nnM3MpOBaHHOM 

KonnoMAHO^ cycneH3Hn o6ecneMHBaeT 
ABVDKyiAyio cnny Ann npoijecca HaHeceHMR. 
3tot npoi^ecc oco6eHH0 xodoujo noAXOAnT pj\n 
OTno>KeHMq HaHOCTpyKTypHblX MaTepnanoB, TaK 
KaK 3JieKrpo4)opeTHHecKan Mo6nribHocTb 
(CKopocTb CABnra, AeneHHan Ha aneiapnMecKoe 
none) He 3aBncnT ot pa3Mepa HacTMi^. flpyrnM 
npenMyiAecTBOM RB/iReTcn cnoco6HocTb k 
6bicTpoMy OAHOpoAHOMy HaHeceHnio ocaAKa Ha 
cno>KHbie reoMeTpnnecKne 4)opMbi, TaKne KaK 
pa3/inHHbie cpn/ibTpbi, ncno/ibsyeMbie a 
a8TOMo6nnnx, aBnanav^Hepax n Apyrux 
TpaHcnopTHbix cpeACTBax. 

CyiAecTByeT Tawe HacTORTe/ibHafl 
nOTpe^HOCTb b ycTpoflCTBax ahh 6opb6bi c 
3arpfl3HeHMflMM, KOTopbie MoryT cHM3HTb 
coAep>KaHne nacTni4 c pa3MepaMM nopjiAKa 
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HeCKOJIbKHX MUKpOH, n ycTpoftcTBax, KOTOpbie 
MoryT CHH3MTb co/jepwaHHe CO, SOx n NO x . 
HaHocTpyioypHbie MaTepnaJiw, kiMejou^ne 

BblCOKMe CKOPOCTM nepKOnnLJMM, xopoujo 

noflxoAflT Ann 3tmx ijenefi. flpyn/ie oonac™ 

npHMeHeHMH BKnK)SaK)T OHMCTKy BOAbl, 

0n/ibTpai4WO B03flyxa, OHMCTKy ot Tfwceribix 

MeTaJUlOB, TaKVIX KaK pTyTb, M OMMCTKy OT 

AAepHbix bw6docob. 

Mto KacaeTcn npMMeHeHMn Ann TonnnBHbix 
aneMeHTOB, to coBpeMeHHbie TonnnBHbie 
aneMeHTbi ncno/ib3yioT Aoporvie cnnasw 
6naropoAHbix MeTannos, HanpMMep, nnaTHHy b 

4»CC{)0pH0KMC/10THblX 3neM6HTaX, M 

nnaTHHy-pyT©HM^ b npnwibix MeTaHonbHbix 

9JieM8HTaX. B CtX5Cp0OpHOKMCriOTHblX 

oneMemax MacTmjbi nnaTMHbi CMewaHbi c 
noAnoKKO^ M3 rpacpMTM3npoBaHHoro ymepOAa 
Ann Toro, HTo6bi MaKCHMH3npoBaTb none3HOCTb 
Maiepnana aKTMBHbix i^empoB. Hcnonbaya 
HaHOCTpyKTypHyio AByoKucb MapraHi^a, 
coAepwamyio BorioKHa, mokho xmmmhcckm 
AHcneprnpoBaTb nnaTHHy (I) BHyTpw TyHHenbHbix 
L^eHTpoB, (II) npekiMymecTBeHHo Ha LjeHTpax 
MapraHijeBofl peweTKM, m (III) Ha 
noBepxHocTHbix t^eHTpax. HoBbiM noAXOA 
noBbiiuaeT nnoTHOCTb moiahoctm TonnnBHbix 
aneMeHTOB, a Taiwe yBennnnBaeT Bpeivin mx 
>kh3HM. B TBepAbix TonnnBHbix sneMeHTax 
HaHocTpyioypHbie MaTepnanbi c bwcokoA 
nnoTHOCTbio aKTMBHbix i^eHTpoB no HacTonmeMy 
M306peTeHMK) MCnOTlb3yK)TCfl b cfxjpMe 
TOnflMBHblX 3HeMeHTOB c tohkom" HanopHCTofl 
nneHKOfl LjMpKOHMn. 3tot Tun TonnMBHoro 
sneMeHTa npeAnoHTMTeneH no cpaBHeHMfo c 

COBp6M6HHblMM BblCOKOTeMnepaTypHblMH 
TBepAbIMM TOn/lVIBHblMkl GfieMGHTaMM. 

flpyrofi BawHofi oonacTbio npuMeHeHun 
HaHOCTpyKTypHbix bo/iokoh no HacTonmeMy 

M306peTeHMKD, B 0CO6eHH0CTM BOnOKOH 

AByoKwcn MapraHL^a, nBnneTcn mx npnM6H6HM8 b 
nepe3ap«)KaeMbix oaTapenx. HaHocTpyicrypHan 
BonoKHktcTan nernpoBaHHan nuTMeM AByoKMCb 
wiapraHLja nBnneTcn MAeanbHofl Ann 
ncnonb30BaHMH b nepe3apn»caeMbix oaTapenx 
6naroAapn to& nerKOCTM, c KOTopoft* KaTMOHbi 
nuTMfl MoryT AMcpc}>yHAMpoBaTb BOBHyTpb m 
Hapyacy MoneKynnpHbix KneTOK b CTpyicrype 
AecfeeKTOB AByoKucn MapraHua. B uenoM, Tawe 
HaHOBonoKOHHbi© CTpyKTypw TaioKe mop/t 

CnyXCMTb n pe BOCX O AH bl M M KaTMOH006M6HHblMM 

MaTepManaMM. KpoMe Toro, npM yAenbHofi 
nosepxHOCTM oonee neM npuMepHO 250 M 2 /r 
ohm nBnnioTcn BbiAaiomMMMcn KaTannTMnecKHMM 
MaTepnanaMn Ann OKMcnuTenbHbix peaKijMfi m 

npeBOCXOAHbIMM MOHHO-aneKTpOHHblMM 
npOBOAHMKaMM AHH BblCOKOeMKMX 

aKKyMynnTopHbix 6aTapetf. 3tot Tun iwaTepnana 

TaiOKe npMMeHR8TCn B LJMHKOB03AyWHblX 

cwcTewiax 6aTapeM. 

HaHocTpyioypHbie BonoKHa AByoKucn 
MapraHLja nwieioT MoneKynnpHbi^ TyHHenb 
pa3MepoM 4,6 aHrcTpeM x 4,6 aHrcTpeM. KaK 
noKaabiBaer aHann3 yAenbHO^ noBepxHocTM, b 
cnHTGTHMecKOM MaTepnane cymecTByiOT Asa 
Tuna nopucTocTn: (I) nopucTOCTb MaciuTaSa 
HBHOMeTpoB c pa3MepoM nop ot npMMepHO 2 ao 
20 hm; m (H) nopucTOCTb MacniTaOa aHrcTpeM c 
pasiviepOM nop ot npMMepHO 5,6 ao 9,2 
aHrcTpeM. 3to sacTaBnneT AyMaTb o 
npMMeHeHMM MaTepnana b KanecTBe 
MoneKynnpHbix cut, HanpMMep, Ann yAaneHun 
He>KenaTenbHbix opraHnnecKnx Beu^ecTB H3 
HecfcTenpoAyKTOB. 

BnaroAapn oco6biM xapaKrepucTHKaM 
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AByoKHCM MapraHija, ee KkicnoTHOCTb mokst 
6biTb MOAnct)Mi4MpoBaHa nyT8M nernpOBaHkin 
pasnnHHbiMH MeTannaMM. ilernpoBaHHan 
MeTannoM Aayoxvicb MapraHi^a mo>k©t 
ncnonb30BaTbcn mv\ KaK KMcnoTHO-iAenoMHO^ 
nnn KaK oKHcnuTenbHO-BOCCTaHOBMTenbHbi^ 
KaTann33Top. npeAUJacTByraLnne paoorbi no 
rpaHynawi okhcm wiapraHua noKa3a/iu, hto 
AByoKMCb MapraHL^a oc»6eHHO scfxfeeKTMBHa npn 
pa3no>KeHMM cnnpTOB, oKMcneHnn okmcm 
yrnepoAa, BoccTaHOBneHMM NO^, 

rviApupoBaHMM, AeMeTannnsaL^MM HecpTnHbix 

OCTaTKOB, pa3no)KeHMn opraHMHecKnx CepHMCTblX 

coeAMHeHM^, pa3no)KeHiiM opraHnnecKHX 
asoTMCTbix co8amh8hm^, pasno>KeHMM accfjanbTa 

M npM KOHBepCMM NO x , SO X( 030Ha M nOAOOHblX 

peaKqunx. 

Pa3nnHHbie ocymacTsneHMn M3o6p8T8Hnn 
MnmocTpupyioTcn HM>Ke npniviepaMM, He 
HOcniAMMM orpaHMHMTenbHbifi xapaiaep. 

nPMMEP 1. HaHOCTpyiaypHan rviApooKMCb 
HMKenn 

A. HaHocrrpyKTypHaq AncnepcHan Ni(OH)2 

McxoAHbie MaTepnanbi, vicnonbsoBaHHbie 
Ann nonyneHun HaHOCTpyKTypHbix nopoiuKOB 
ruApooKucn HMKenn, BKmonann reKcarnApaT 
HUTpaTa HMKenn Ni(NO 3)2»6H20, reKcarMApaT 
xnopnAa HMKenn NiCI 2«6H20 nnn cynb4)aTa 
HMKenn NiS0 4 #6H 2 0, TMApooKMCb HaTpun NaOH, 
n KapooHaT HaTpun Na 2CO3. Cmht83 
HaHOCTpyKTypHO^ Ni(OH)2 npw B3anM0Ae^cTBMM 
rannAa HktKenn c ruApooKMCbio HaTpun MOXeT 
6biTb onucaH cnep,y\ou\e\A peaKqueii: 

Ni(N0 3 ) 2 (aq)+2NaOH(aq)->Ni(OH) 2 
(S)+2NaN0 3 (aq). (1) 

06pa30BaHne HaHOCTpyKTypHOM Ni(OH)2 c 
BbicoKofi yAenbHoft noBepxHocTbfo 3aBMCMT ot 
pH pacTBopa peareHTOB, perynMposaHvin 
o6pa30BaHMn L\empoB 3apoAbiiueo6pa30BaHMn 
pacnbineHneM peareHTOB, BpeMeHM ODKura n 
TeMnepaTyp b nepnoA opomeHun noTOKOM c 
perynnpyeMbiM pH m ynbTpa3ByKOBoro 
B036y>KA8HMn ocaAKOB. CkiHTes npMMepHO 0,45 
Kr HaHOCTpyiaypHOM Ni(OH)2 onucaH hmjkg. 

BHaMane roTOBnT BOAHbift n pe alu sct By 10 ihm ^ 
pacTBop ki3 1700 r Ni(N0 3 )2.6H 2 0 
pacTBopeHHOt^ b 15 n AUCTunnnpoBaHHO^ 

AeMOHMSMpOBaHHOW BOAbl. Oca)KAeHMe 

npoBOAnT coBMecTHbiM pacnwneHMeM pacTBopa 
peareHTa tmapookmcm HaTpun ki/nnn KapooHaTa 
HaTpun b pei^upKynnpyeMbi^ mcxoahhW pacTBop 
conn HMKenn nepe3 pa6oTaioi^ee noA 
AaBneHMeM oonno co CKOpocTbK) 2,5 nN Ann 
Toro, HToGbi noAAep)KMBaTb HeooxoAMMyio 
BenMMMHy pH b MHTepBane ot npMMepHO 7 ao 
12. Bonee BbicoKMe 3HaneHMn pH npMBOAnT k 
cMnbHO arnoMepMpOBaHHbiM MacTMi^aM, TorAa 
KaK oonee hmskmo BenMMMHbi pH He no3BonnioT 
npoBecTM peaKUMio nonHOCTbio. B xoao 
coBMecTHoro pacnbineHMn McxoAHoro pacTBopa 
m pacTBopa peareHTa o6pa3yeTcn cycneH3Mn 
3eneHoro UBeTa, KOTopan coa6P>kmt 
Typ6ocTpaTHy)o $opMy Ni(OH) 2 (TypoocTpaTHan 
c{)opMa nBnneTcn npoMeacyTOHHofi Me>KAy 
aMopc|DHOfl m KpMCTannMHecKof^). B APyroM 
BapMaHTe NiCl2 MO>KeT 6biTb TaKxe pacnbineH b 
McxoAHbiM pacTBop sepe3 BTOpoe conno. 

nocne oca>KAeHMn cycneHSMK) noABepraioT 
TennoBOM oSpaooTKe npM npMMepHO 65°C b 
Te^eHMe 2-12 h, noAAepKMBan npM stom pH b 
MHTepBane ot npMMepno 7 ao 12, ^to 
nepesoAMT TypoocTpaTHyio KpMCTannMHecKyK) 
CTpyioypy b 6onee CTa6wibHyK) 4>opMy. 3Ta 
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npoueflypa ABnaeTCfl onpefle/iflioinefl, tsk ksk 
OHa np8AHa3HaneHa Ana CTa6nnn3ai^MM 
HaHOKpucTannMHecKO^ CTpyKTypbi Ni(OH) 2 n ee 
aneKTpoHHbix cboRctb. CycneH3n»o 3aTeM 
pa3flenflK)T cpunbTpai^ne^ n npoMbiBaioT 

AHCTMJlJlUpOBaHHOtf fleHOHM3HpOBaHHOM BOAOfl 

Ana yAaiieHHA HmpaTa HaTpviH n Apyrux 
He)KenaTe/ibHbix no6oMHbix npoflyKTOB. 

HaHOKpucTan/iMMecKyio Ni(OH) 2 3aTeM 
pecycneHAnpyJOT b AUCTMnnMpoBaHHofi 
AenoHM3MpOBaHHoW BOfle m noABepraiOT 
ynbTpasByKOBoK o6pa6oTKe, ncnonbsyfl 

HHTeHCWBHblfl yflbTpa3ByKOBOV1 30HA (MOLAHOCTb 

Ha BbixoAe 500 Bt, AnnHa 15 cm, A^aMeTp 2,5 

CM), CHa6>KeHHbl^ npOTOMHOfi AHefiKOfi 

HenpepbiBHoro as^ctbuh. y/ibTpa3ByKOBafl 
oopaooTKa pa36MBaeT bcq arperaTbi nopoiuKa m 

bboaht A©C})eKTbl nOBepXHOCTM, a TaiOKG 
Ae<fceKTbi peiueTKn b HaHOCTpyicrypHbie nacTMUbi. 
3th 3c}xt>eKTbi MoryT oxa3aTb BaxHoe B/inflHne 
Ha noBeAeHMe aianBHoro MaTepnajia b 
HHKeneBOM aneicrpoAe. 

HaKOHei^, HaHonacTMi^bi npeAnoHTHTenbHo 
noABepraiOT pacnbirwTejibHOfl cyiUKe aha 
o6pa30BaHM« HaHonopncTbix aJ>epMMecKvix 
nopoujKOBbix amoMepaTOB, MMeiou^nx 
A^aMSTpbi b npeAnoMTmeribHOM nHTepBane 
npHMepHO 1-20 mkm. PacnbinmenbHafl cyujKa 
o6ecnennBaeT nocneAyioiAyio nepepa6oTxy 
nopoiuKa. PacnbinnTeribHyio cyiuKy 
npeAnoMTHTe/ibHO npOBOAflT TaK, MTo6bi 
oGecneHMTb 6bicTpyio v\ scfxfeeKTHBHyio cywxy 
a3po3orm, HTo6bi nonyMHTb oahopoahwm 
noriHocTbio BbicyweHHbifi nopoiuKOBbifi npOAyicr, 

HO B TO We BpeMH TaK, HTOObl COXpaHHTb 

cTpyicrypHyio BOAy h M36e)KaTb neperpesa 
nopoiuKa. CoxpaHeHne CTpyKTypHofl boaw b 

nOpOtUKO rMApOOKHCM HMKenfl HBJlfleTCH 

onpeAenflfome BawHbiM, TaK KaK oho 6yAeT 

Kpaf^He CHflbHO BflMflTb Ha CBOfiCTBa aKTMBHoro 

HMKejibrMAPOKCMAHoro MaTepwana b 
o6pa6oTaHHOM sneicrpoA©, HanpHMep, Ha 
npoL\8HT ncnojib30BaHHH MaTepnana, a TaioKe Ha 
xapaKTepucTMKH sapRAKVi m pasp^AKVi. BaacHbiM 
HBJiaeTCfl peryriHpoBaHne TeMnepaTypw, TaK KaK 
M3BecTHO, hto Ni(OH) 2 noABepraeTCfl 
HewenaTenbHOM 0>a3OBo$i TpaHccpopMaqnM npvi 
TeMnepaTypax Bbiwe 200°C. 

Cyw no D8HTreHOAn4)c})paKTOMeTpnn (XRD), 
cuHTeTHMecKHfi HaHOCTpyKTypHbiCi nopoiuoK 
HMeeT p-Ni(OH)2-cTpyjaypy. C3M-MMKporpaMMbi 
(4)nr.4) nopoujKOB nocne pacnbinnTenbHOfl 
cyiuKM noKa3biBaioT, mto ohm n peACTa bji h kdt 
co6o& ccfeepuHecKHe TBepAbie nacTHi^bi c 
A^aM8TpOM b MHTepsane ot npuMepno 1 ao 20 

MKM, XOTH A6Ta/lbHa« MHCfX^pMat^Mfl H8 CbUia 

nonyM8Ha. MccneAOBaHHR Mn3, OAHaKO, 
noKa3ann, mto nacTHUb! thapookhch hmk©jir 
nocne pacnbinnTenbHofl cywKM npeACTaBrmioT 
co6om amoMepaTbi M3 mhotmx MeriKnx 

HaHOCTpyKTypHbix MacTMu, HMeiomnx 
A^aM8Tpbi b MHTepaa/ie ot 2 hm ao HecKonbKHX 

A8CHTK0B HaHOMeTpOB, npMM8M OOJlbUiafl MaCTb 

nacTnq MeHbiue 10 hm (<$nr.5A). CpeAHM^ 
pasMep MacTMi^, paccnHTaHHbiW no pacwnpeHHK> 
nMKa peHTreHOBCKoro nsnyMeHHfl cocTaanqeT 
OKono 5 HM. 

p-Ni(OH) 2 coctoht M3 CTpyKTypbi Tuna 
csHABvma c nnocKocTbio M3 aTOMOB HHKenn 

BHyTpH peilJeTKH H3 aTOMOB KHCJIOpOAa (OH). 

TeopeTunecKafl peHTreHOBCKaw nnoTHOCTb 
aKTHBHoro MaTepwana p-Ni(OH) 2 cocTaBn«eT 

okoho 4,15 r/cM 3 Peanbnaq nnoTHOCTb 
o6biMHoro HMKenbrMApoKCMAHoro MaTepwana 
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cocTaBrmeT npHMepHO 1,6 - 1,8 t/cm j . 
CyiAecTByiou^ne ccfeepkMecKne nopoujKM 
Japanese Tanaka, ccwriKa Ha KOTopbie Aawa 
Bbiiue, MoryT MMeTb HacbinHyio nnoTHOCTb ao 2,1 
r/CM 3 . HaHOCTpyKTypHas mApooKHCb HHKe/iH no 
HacTonmeMy n3o6peTeHMK> MoweT AOCTHMb 
TeopeTHnecKo^ HacbinHofi nnoTHocTn npH 
CBepxnnacTUHHbix ycnoBMnx. FIcho, mto npn 
cpaBHeHHM c HbiHe AOCTynHbiMM MaTepHanaMM 
HaHOCTpyioypHafl rHApooKHCb HHKena HMeeT 
HaMHoro nyMiune noKa3aTenn HacwnHOfl 

nJlOTHOCTM M 3Hepr08MK0CTM. 

B. HaHOCTpyKTypHaa AHcnepcHan Ni(OB) 2 , 
nernpoBaHHa« KooanbTOM m ApyrnMM 
nepexoAHbiMH MeTaxinaMH 

SKcnepuMeHTanbHbie motoahkh cnHT83a 
nernpoBaHHO^ Ko6a/ibTOM Ni(OH) 2 b ochobhom 
T3KM© «e, KaK onncaHO Bbnue, Co(N03) 2 b 

3aAaHHOM aTOMHOM COOTHOLUeHHM (1-20% 

aTOMHbix) AooasnniOT k BOAHOMy pacTBopy 
Ni(N03) 2 nepeA pacnbineHMeM. PeHTreHOBCKufl 
aHann3 nopoujKOB nocne Tennoso^ o6pa6oTKM m 
nocne pacnbinMTenbHofi cyujKM noKa3biBaeT, mto 
nernpoBaHHbi^ Ko6ambTOM MaTepna/i 
HMeeT p-Ni(OH) 2 KpHCTannHMecKyK) orpyKTypy, 

B KOTOpO^ H8 6blJ1M Ha^A©Hbl APy^8 0a3bt. 

Mop0onornfl m MHKpocTpyioypbi noAo6Hbi 
TaKOBbiM An« HenernpOBaHHoi^ Ni(OH)2. 

JlernpoBaHne Ha msct© HaHOCTpyirrypHO^ 
ruApooKucn HMKenw no M3o6peTeHnio 
MeTan/iMMecKHMM aneMeHTaMM, t3kmmm KaK 
Ko6anbT, h ApyrHMn nepexoAHbiMH MeTannaMki, 
TaKMMM KaK 14MHK ki MapraHei^, a TaK>Ke 
T«>KenbiMM MeTannaMki, BK/itoMa^ KaAMViP), 
AononHHTenbHO ynynniaeT xapaiaepucTMKy 
HaHOCTpyicrypHbix HMKeneBbix aneicrpoAOB. 
TnaBHbie npo6jieMbi, cBA3aHHbje c nnoxviM 
noaeAeHHeM cospeMeHHbix HMKeneBbix 
aneKTpoAOB, BKniOMaiOT: (i) aqticpeKT pa36yxaHnn, 
KOTopbiki noflBnneTCH nocne noBTOpHbix l^mktiob, 
m (ii) nnoxyio npoBOA^MocTb MexcAy aKTHBHWM 
MaTepnanoM m nopMCToC^ HHKeneBOM 
noAno>KKO^. C i^enbio petueHMJi stmx npo6neM b 
HacTOflmee BpeMR k aKTMBHOkl aneKTpOAHOkl 
nacTe Ao6aBn«K)T OKMCb Ko^anbTa t3kmm 
o6pa30M, mto6w OKMCb Ko6anbTa MeAneHHO 
pacTBopanacb b peiueTKe HMKenfl Ha 
noBepxHOCTM nopoujKa thapookmcm HHKenn. 
OAHaKO Kooa/ibT o6wmho Bee >Ke npHcyTCTByeT 

TOnbKO Ha nOBepXHOCTM MaCTMl4 MMKpOHHOrO 

pa3Mepa. HacTOfliuee M3o6peTeHkie HMeeT 
npeHMyiAecTBO b tom, mto oho no3BonfleT 
AOoaBfifiTb KoGanbT mjim ApyroPl nerMpyioiAMPl 
moh Ha MoneKynnpHOM ypoBHe. 

C. HaHOCTpyKTypHaa AHcnepcHafl m 
BonoKHMCTan Ni(OH) 2l nervipoBaHHafl 
aniOMHHkieM 

ripn nervipoBaHMH rnApooKncn HMKenw 
a/iK)MMHvieM c ncnonb30BaHMeM HMTpaTa 

aJllOMMHMfl (A1(NO 3fo9ft£) B COOTBeTCTBMM c 

BbiLueonncaHHOM npoL^eAypokl KpMCTannMMecKan 
peweTKa p-Ni(OH) 2 TpaHCCf)opMMpyeTc« b 
CTa6nnbHyK) a -Ni(OH) 2 . TpaHccJwpMai^Mn 
npokicxoAMT nocTeneHHO KaK ctyHKijHfl 
KonMMecTBa nervipyioiAePi Ao6aBKM . HanpHMep, 

npM HH3KO^' KOHl^eHTpai^HH aniOMHHMfl, BnnoTb 

AO 5% aTOMHbix, KpncTa/innMecKan CTpyicrypa 
npeACTaBJineT p-Ni(OH) 2 ; npM conee bwcokmx 
KOHL^eHTpai^HJix aniOMHHHfl KpHCTannw 
nocTeneHHO TpaHC<tx>pMMpy{OTCR a-Ni(OH) 2 ; m 
TonbKO a-Ni(OH) 2 o6Hapy>KHBaeTCfl npH 20% 

aTOMHbtX aniOMHHHfl. riepBHMHbie MCnbiTaHHfl 

xapaiaepHCTHKH aneKTpoAa noKa3biBaioT, mto 
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eMKocTb MaTepvisma mokbt nerKO AOCTHHb 
BenuMMHbi 240 MA-n/r (TpeooBaHHe k DOE Ana 
HHKe/ib-MeTann-rnApnAHbix oaTapefl Ana 
cneAyiOLnero noKonenvifl aneicrpuHecKnx 
TpaHcnopTHbix cpeACTB 6ortee MeM 200 MA-M/r). 
HaHocTpyioypHafl Ni(OH) 2 , 

CHHTe3MpOBaHHa« B COOTBeTCTBHH C HaCTOfllAHM 

cnocoooM, MO)KeT TaiOKe HMeTb BonoKHUdyio 
cTpyKTypy. nopoujKH ruflpooKucn HHKejia nocne 
pacnwnnTenbHo^ cywKH o6Hapy>KviBaioT 
ccf)epnHecKyio Mopcfconorwo npn aHann3e C3M, 
hto orwcaHo Bbiiue KaK amoMepai4Hfl 

MHOXeCTBa HaHOCTpyKTypHblX MaCTHU, 

ruApooKucn HHKenn. MMKporpaMMa MaTepna/ia 
npn 6o/ibiueM yBennMeHnn c Hcnorib30BaHHeM 
MI13 noKaabiBawT, hto b 3aBHCHMoc™ ot 
napaMeipoB cHHTe3a HHAHBHAyanbHbie 

COCTaBJlHK>mne MOryT 6blTb HJ1H npocTo 
HaHocrpyKTypHbiMM HacTmjaMVi, KaK noKa3aHo Ha 
<J)nr. 5A, mjim cMecbio HaHOcrpyKTypHbix bojiokoh 
c paBHOocHbiMn MacTMi^aivin, xaK noKa3aHo Ha 
cpur.SB. 

MacniL^bj KOMno3HTa, noKasaHHbie Ha 
4)nr.5B, nonyMeHbi cnHTe30M a npHcyTCTBMH ot 5 
AO 10 m BnnoTb ao 20% aTOMHbix aniOMMHMq. 

nPHMEP 2. HaHOCTpyKTypHaa AByoKHCb 
wapraHi^a 

A. HaHocTpyioypHafl AHcnepcHaa m 
BonoKHMCTas Mn02 

HaHocTpyicrypHbie MacTnt^bi h 

BbicoKonopMCTbie HaHocTpyicrypHbie BonoKHa 
AByoKucn MapraHL\a CHHTe3HpyiOT nyTeM 
peaKL^nn BOAHoro pacTBopa conn menoHHoro 
MeTajina nepMaraHaia, HanpnMep, 
nepwiaHraHaTa Kajina (KMnO 4) c cynbcf>aTOM 
MapraHLja (MnS0 4 ) b npncyTCTBHH a30THofl 
KucnoTbi b cooTBeTCTBMM co cneAyiow ( eH' 
peaK4ne&: 

2Mn0 4 -+3Mn +2 +2H 2 0-->5Mn0 2 +4H + . (2) 
npn6fin3MTe/ibHO 50 r HaHOCTpyKTypHOH" 
Mn0 2 cnHTe3npyK)T, pacTBOpflfl 55 r MnSO 4 b 
188 mji AenoHnsoBaHHO^ AMCTHTiJiHpoBaHHOH' 

BOAbl, H ppBOflfi pH paCTBOpa AO 3HaMeHHfl He 

MeHee neM 1 AooaBJieHneM HNO3. PacTBop 
peareHTa, coAepwamnfi 36,8 r KMn0 4 b 625 mji 

AeUOHU30BaHHOft AHCTHJlJlHpOBaHHOfi BOAbl, 

bboa^t b bha© pacnbineHHoro aaposojifl b 
peaKi^uoHHbifl cocyA, coAepwamntf 
i^upKynnpyioiAyK) CMecb MnS04/HNO3 npn 
MHTeHCMBHow nepeMeujHBaHkiu pacTBopa B 
peaKnnoHHOM cocyAe. KaK 6bino yKa3aH0 Bbiwe 
npn onucaHnn <pvir.2, peu,HpKyjiHpyioLii 1 eH' 
hcxoahwA pacTBOp pacnunfleTCH coBMecTHO c 
pacTBopoM peareHTa. MoneKyrmpHoe CMeiueHHe 
pacTBopa peareHTa h hcxoahoho pacTBopa 

npHBOAMT K 06pa30BaHklMD OKpaweHHOH B 

KocfrefiHbifi L^BeT kojijiohahoh" cycneH3nn 
HaHOCTpyicrypHOfl AeyoKHCH MapraHU,a. AHann3 
o6pa3U,a BbicyiueHHoro nopowKa H3 otoR 
cycneHsnn noKa3biaaeT aMop<$Hbie MacTHtjbi, 
nMetom,ne A^aMBTp MBHbiue 10 mmkdoh. 

KonnonAHyio cycneH3HK) 3aTeM noABepraioT 
TenjioBofi o6paG0TKe b peaKUHOHHOMy cocyAe 
npn TeivinepaType, a^cfceKTHBHofl Ann yAaneHHH 
BOAbi, npeAnoHTMTenbHO b nHTepBane ot 100 ao 
120°C b TeneHne 2-24 m. TennoBaa o6pa6oTKa 
nocreneHHo npeBpamaeT aMop$Hbie MacTHU,bi b 

XaOTMHHyK) TK3Hb HaHOCTpyKTypHblX BOJIOKOH . 

fl/ifl noriHoro npeBpaiAeHMJi Tpe6yeTCR 
TennoBaw o6pa6oTKa b TeneHne npuMepHo 24 h. 
nocne TennoBOfi o6pa6oTKM npOBOA^T 
yribTpasByKOByio o6pa6oTKy koji/iomaho^ 
cycneHsnn, ncnorib3yR 550 Bt ynbTpa3ByKOBoi^ 
ryAOK, ah« Toro, MToGbi MUHnivinsnpoBaTb 
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B03MO)KHyio amoMepaqnio npOAyKTOB cnHTe3a 
AByoKHCM MapraHLia. nonyMUBUJuecfl 
HaHocTpyKTypHbie BonoKHMCTbie npoAyKTbi 

OTCpH/lbTpOBblBaiOT M npOMUBaiOT 

AMCTMnnnpOBaHHO^ A6HOHH3HpOBaHHOW boaov^ 

Ann yAaneHM« He>KenaTeribHWX no6oMHbix 
npoAyKTOB peaKu.nn HaKOHet^ oTMWTbie 
BonoKHHcrbie nopoujKM AByoKMCH MapraHt^a 
AMcneprvipyioT b noBepxHocTHo-aKTMBHOM 
BemecTBe, TaKOM KaK STaHon, nyTeM 
y/ibTpasByKOBofl O6P360TKV1, BbiAenaioT 
c})n/ibTpaL^ne^ m cywaT b neMH npM 100°C b 
TeneHMe 4-12 nacoB. 

PaCCMOTpeHMe 3THX BOriOKHMCTblX nopoujKOB 

AByoKMCH Mapranu.a noA CKaHHpyioiAMM 
aneKTpoHHbiM mhkpockohom (C3M) noKa3biBaeT 
BoriHoo6pa3Hyio BonoKHHCTyio ceTKy (cf>nr. 6). 
Xoth 6oribUjee pa3peujeHne HeAocTynHo a^ 
C3M, MHKporpaMMbi noKa3biBaioT xapaiaepHyio 
Mop4)onornio "nTMHbero me3Aa", KOTOpaa 
noflanseTCfl b pe3y/ibTaTe nepenneTeHHfl 
bojiokoh, rAe Ka>KAoe "nTHHbe rHe3Ao" HMeeT 

AHaMeTp OKOJIO 10 WKM H flBJIfleTCfl coopKOfl 
MHomx OTAeribHbix HaHOCTpyKTypHblX bojiokoh. 

B. BjiMRHHe napaMeipoB npoi^ecca Ha 
KpHCTannHMecicyK) CTpyicrypy MnC^ 

06pa30BaHne HaHocTpyKTypHoW AByoKMCH 
MapraHLia, HMeiou^e^ BOJiOKHHCTyio CTpyKTypy, 
3aBHcnT ot HaAne>KaiAero Bbicopa 
KOHi^eHTpai^Hn a30THOfl KMcnoTbi, TeMnepaTypbi 
TennoBO^ o6pa6oTKH m npoAon>KMTejibHOCTH 
TennoBoW o6pa6oTKM. KaK onwcaHo HM>Ke, 
BejiMHMHa pH 1 hjih HMKe m TeMnepaTypa 
L^HpKyjiMpyiomero noTOKa bo BpeMfl TenjioBOM 
o6pa6oTKM ot npuMepHo 60 ao 100°C b 
TeneHkie BpeMeHM ot HecKonbKkix nacoB ao 48 h 
AaiOT b pe3yjibTaTe Mop0onornio rrrHHbux me3A, 
cocTOflLAMX H3 BOJIOKOH AnaiweTpoM b HHTepBane 
5 - 25 hm, rAe Kawoe nTHMbe mesAO HMeeT 
AMaMeTp okojio 10 mkm. CHCTeMaTHHecKne 
m ccji eAOBa h h a 6binn nposeAeHbi Ann Toro, 
^To6bi onpeAejiHTb ycnoBHS Anfl onTHMM3ai\Mn 
xonnaHAHTHOH" KpHCTanjiHMecKo^ cTpyicrypbi 
AByoKncn MapraHi^a a npoi^ecce XHMMMecKoro 
CMHTesa. HccneAOBaHkin noKa3ann, mto 
AByoKkicb MapraHLia, cnHTe3npOBaHHan 6e3 
Ao6aBJieHnn a30THoC^ KMcnoTbi k pacTBopy 
cynbcpaTa MapraHi^a noKaswBaeT 

npeHe6pe>KMMO Majiyio KpncTajinnHHOCTb h 
Mo>KeT paccMaTpHBaTbCfl KaK no cyuj,ecTBy 
aMop4)Had. HanpoTUB, AByoKVicb MapraHi^a, 
CMHTe3HpOBaHHan c Ao6aaneHneM a30THofi 
KHCJIOTbl HMeeT flBHO BbipaxeHHyio 
KpHCTariJiHHecKyio CTpyicrypy. KaK cneACTBHe 

3TOTO OTKpblTHH, npH CHHT63e HCnOJlb30BaJlH 

craHAapTHyio BejinnnHy pH HM)Ke 1. 

ripOAOJDKHTeJlbHOCTb TenJIOBOH 06pa60TKH 

RBJifleTCA onpeAennioLAeW Ann nonyneHHa 
HaHOCTpyKTypHo^ AByoKHCH MapraHi^a. npn 
coBMecTHOM pacnbuieHHH pacTBopa peareHTa 
KMn04 c pacTBopoM MnS04 b npncyTCTBHH 
OKHcriHTejifl o6pa3yeTCfl aMop0Hbi^ nopoujoK. 
TnnHMHafi C3M-MHKporpaMMa Ha cj)Hr.7A 
noKasbiBaeT, mto 3tot aMopcpHbi^ nopoiuoK 
coctoht M3 ccpepHHecKHx amoMepaTOB 
AHaMeTpOM npH6jiH3HTenbHO 0,1-0,5 mhkpoh c 

OTHOCMTeJlbHO TJiaAKHMM nOBepXHOCTflMH. 

HarpeB GToro pacTBopa npn ero UHpKyjiflu.HH 
npn 60 °C b TeneHne 2 m yBejiHMHBaeT pa3Mep 
nepBOHanajibHbix amoMepaTOB ao 0,5-3 mkm. 
DoBepXHOCTb HeKOTopbix arnoMepHpoBaHHbix 
Mace HaHHHaeT noKa3biBaTb pa3BHTH6 

BOJIOKHHCTOfl CTpyKTypbl flOBepXHOCTH C 
MHOrOMHCJieHHblMH BOJ10KH3MH, TODMaiAHMH C 

noBepxHocTH amoMepnpoBaHHbix Mace, ksk 
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noKaaaHO Ha $>v\r.7B. KpOMe Toro, npncyTCTByioT 
ceo6oAHbie ot bo/iokoh amoMepaTbi. 

nocne 4 h TennoBott o6pa6oTKn npn to8 we 
TewinepaType pa3Mep arnoMepupoBaHHwx Mace 
BbipacTaeT ao 1-5 mkm, m BonoKHncrafl 
CTpyicrypa noBepxHOCTM npoflBnaeTCH naMHoro 
cunbHee. He Ha(5ni0Aai0TCfl nsMeHeHkm bo 
BHyipeHHeH nacTM Mace arnoMepupoBaHHbix 
nacTMLV B to Bpeivm KaK b CTpyKType 
npoAO/i>KaK)T o6pa30BbJBaTbc« oneHb 
Ma/ieHbKne BOJiOKHa, no-BMAHMOMy, caMwe 
oonbujue BOJiOKHa AocwaiOT MaKcuivianbHoro 
paaivjepa okojio 25 hm b nonepeHHOM ceMeHnn n 
npn6nn3MTenbHO 0,5 mmkdoh b fxnmy. 

nocne 6-8 h TennoBotf o6paooTKH MHorwe H3 
6onee KpynHbix amoMepaTOB noKasbmaiOT 
xopomo pa3BMTyio BonoKHMCTyra cTpyKTypy una 
Mop0onornio "nTHHbero me3Aa", KOTopaa 
coctout H3 xaoTHHHofl TpexMepHofl HennoTHofl 

TK3HH M3 BOflOKOH (<J)Mr.7C). 

nocne 24 m TennoBofl oopa6oTKH 
BonoKHUCTafl CTpyicrypa nTHHbero rHe3Aa 6bina 

nOHHOCTblO pa3BHTOtf, 6e3 BHAHMblX OCTaTKOB 

nepBOHaMa/ibHbix HaHOAMcnepcHbix 
amoMepaTOB BHyTpn ee. Ha stoH oraflHH 
Tunn^Hafl CTpyicrypa nTHHbero me3Aa HMeeT 
AnaMeTp okojio 3-10 mkm, BKmoHaa MHorne 
BnneTeHHbie BHyTpb HaHOBonoKHa, npoxoAflinne 
Mepe3 bck) CTpyKTypy (<t>nr.7D). 

<Pwr. 8 noKa3biBaeT AaHHbie PflA 
(peHTreHOAMcfjpaKLinoHHoro aHann3a) o6pa3i^oB, 
B3flTbix nocne BbiweynoMflHyTbix nepnoAOB 
opoiueHMfl. CBe>Keoca>KAeHHbie nopowKH HMenn 
cweHb lunpoKHfl nuK npn 35° 26. Cnyc™ 2 h 
opoujeHMfl HannHajOT pa3BHBaTbca nuK (020) npn 
npuMepHo 66° 2e h oTpaweHHH Tuna (211) npn 
npuMepHo 37,5° 2e. 3th ABa rwKa CBfl3aHbi c 
HananoM pocTa BonoKOH. nocne HarpeBaHHH 
3Toro pacTBopa c opoweHHeM b TeneHne 4 h 
HannHaiOT pa3BHBaTbcn Bee APyrne rnaBHbie 
PAAhihkh, BKnicnaa xapaicrepHbiH nuK (200) Ha 
npMMepHO 17,5° 26. LUnpnHa nuKa (200) 
CB»3aHa c AnaMeTpoM HaHOBonoKOH. Bee 3TM 
riMKM HBnHIOTCfl UJHpOKHMM, noKa3biBafl, HTO 

BonoKHa HMeiOT Manbie pa3Mepw. CnycTH 8 h 
HarpeBa c opoujeHMeM PflA-nHKM npoAonwaioT 
pasBMBaTbca, ho Bee eu\e ocTaiOTCfl 

OTHOCHTenbHO LUMpOKMMH, nOKa3blBafl Ha 3T0H 

CTaAnn HeKyto aMCpopHyio noAnowicy b 
AncfepaKUHOHHoR peiueTKe. CnycTfl 16 h 
HarpeaaHna pacTBopa c opoweHHeM, 6wnn 
nonyneHbi xopoiuo pa3BMTbie PflA-nnKH aha 
0a3bi xonnaHAMTa KpnnTOMenaHOBoro Tuna, h 
He o6Hapy>KMBanacb cKonbKo-HH6yAb 
3HaHMTenbHa« aMcf>opHan noAnojKxa. CyA* no 
C3M-aHann3aM cnycTfl 24 h npn opouueHnn 
nonHOCTbio pa3BMBaeTcn BonoKHncTaa 
CTpyicrypa c BonoKHaMn, ^m6ioihmmh AnaMeTp 
np^MepHO ot 5 ao 25 hm h n/iMHy ot Aec^TKOB 

HaHOMGTpOB AO 1 MKM. 

C. HaHOCTpyicrypHafl MnOg, nen/ipoBaHHan 
Co, Ee n Pt 

06Lnafl npoi^eAypa cnHTe3a 
HaHOCTpyicrypHo^ AByoKucn MapraHija, 
coAepwaii^e^ Bbi6paHHbie nerkipyioii^kie 
aneMeHTbi, noAo6Ha to^, KOTopan ncnonb30BaHa 
npM cnHT63e HenernpoBaHHbix MaTepwanoB, ho 
BKnionaeT AononHMTenbHO Ao^aaneHne boahoto 
pacTBopa cooTBeTCTByiomero rannAa MeTanna k 
pacTBopy MnS0 4 . HanpkiMep, npn nonyneHvin 50 
r nopotiJKa, nernpoBaHHoro 0.4M Ko6anbTa 123 
Mn 7M Co(N03).6H20 AoGaBnnioT k pacTBopy 
MnS04 nepeA ero peaKUMeCi c oKkicnuTeneM 
KMnO^. JlervipoBaHHafl Ko6anbTOM AByoKMCb 
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MapraHi4a TaioKe fxaei BonoKHMCTyio 
cynepcTpyicrypy nTHHbero me3Aa, Ha KOTopyw 
Bnn«K)T ycnoBMH CMHTe3a AByoKucn MapraHija, b 
oco6eHHOCTH, BpeMfl TennoBO^ o6paooTKM n 
KOHueHTpauMfl Ko6anbTa, KaK 6yAeT onncaHo 

HH)Ke. 

nocne oca>KAeHHfl nernpoBaHHan Ko6anbTOM 
AByoKucb MapraHi^a BHeujHe noxowa Ha 
nopoiuoK HenernpoBaHHof^ AByoKucM MapraHLi,a. 
HaHocTpyicrypHbie MacTkmbi MMeiOT AnaMeTp ot 
npHMepHo 0,1 ao 0,5 mkm h HMeiOT cJ)opMy 
c4)epnHecKMX amoMepaTOB (cpnr.9A). flaxe Ha 
3T0ft CTaAMM Manbie BonoKHonoAoGHbie 
CTpyicrypbi HaMUHaioT noflBnflTbCfl Ha 
noBepxHOCTM amoMepupoBaHHbix 
HaHOCTpyicrypHwx nacTMLv npn narpeBaHnn npn 
60°C b Te^eHue 2 m pa3BHBaiOTCB 
KopannonoAo6Hbie CTpyicrypbi (c()Mr.9B), 
xapaKTepM3yeMbie MHoroHMcneHHbiMn oneHb 
tohkhmh nrnonoAo6HbJMM ycaMM Ha 
noBepxHOCTM arnoMepupoBaHHbix HacTMi^. 
nocne 12 h HarpeBa nepBOHananbHbie 
KOpannonoAo6Hbie CTpyicrypbi M3MeHHK)TCfl b 
6onee arnoMepMpOBaHHbie Maccbi c HananbHbiM 
no^BneHneM MOp0onorvin nTHHbero me3Aa 
(cf)nr.9C). ArnoMepnpoBaHHafl Macca HMeeT 
pa3Mep ot npMMepHO 0,5 mkm ao npHMepHO 3 
MKM. Ha nOBepXHOCTH HaHHHaiOT pacTH yew, 
TorAa KaK BHyTpeHHocTb amoMepaTOB see eu^e 
ocTaeTCH HacTni4enoAo6HO^. Pa3Mep stmx ycos 
BapbkipyeTca ot HecKonbKMX HaHOMeTpoB ao 
npHMepHO 20 hm b A^aMeTpe h ot HecKonbKHx 
AecflTKOB HaHOMeTpoB BnnoTb ao npMMepHO 0,5 
mkm b AJWHy. nocne 24 i HarpeBa pasMepu 
arnoMepupoBaHHbix Mace B03pacTai0T ao 
npHMepHO 3-10 mkm m ohm Tenepb coctoht 
npeHMymecTBeHHO H3 nepenneTeHHUX BonoKOH, 
o6pa3yiomnx Mopcfonorwio nTHHbero me3Aa. 
MaKCHManbHbi^ AnaMeTp BonoKHa cocTaBn^eT 
oKono 25 hm npM A/iHHe b HHTepBane ot 

HeCKOnbKHX A6CATK0B H3H0MeTp0B AO 

MMKpoHHoro Anana30Ha. Ha 3tom cTaAHH, 
OAHaKo, Bee eu\e ocTaeTca Heoonbiuafl Aona 
HenpeBpameHHbix KopannonoAo6Hbix HacTwu, 
6onee Manoro pa3Mepa. nocne HarpeBa b 
TeneHkie 48 h npH to« >Ke TeMnepaType 
nonynaeTca nonHOCTbio pa3BHTaa CTpyicrypa 
nTHHbero me3Aa M3 nepenneTeHHbix BonoKOH 
(o>Mr.90). 

np©Aon>KHTenbHOCTb Tennosofi o6pa6oTKH 
oca>KAeHHoro nopoujKa AByoKHCM 

KOoanbT-MapraHija OKa3biBaeT ou4yTHMbiv^ 
30>ct>eKT Ha yAenbHyio noBepxHOCTb nopoujKa. 
CBe>Keoca)KAeHHbi^ MaTepHan HMeeT yAenbHyio 
noBepxHOCTb OKono 150 M 2 /r. nocne 0,5 h 
HarpeBaHM«, OAHara, yAenbHaa noBepxHOCTb 
B03pacTaeT ao 180 M 2 /r. 3to yBenMHeHMe 
MO>KeT 6biTb Bbi3B3HO TeM, hto HananbHbie 
amoMepaTbi HaHonacTML^ 6onee KOMnaicrHbi h 
oneHb Manwe BonoKHa Ha noBepxHOCTM 
amoMepaTOB C03AaiCT MHoro L^eHTpoB 
KpncTannn3a4nn. YAenbHaa noBepxHOCTb 
nopoiuKOB HaHHHaeT cHM?KaTbc« nocne 2 h 
HarpeBa ao 170 M 2 /r. 3to cHH>KeHne 
npoAon>KaeTCfl ao nonHoro pa3BHTnn BonoKOH. 
nonHOCTbio pa3BMTa« HaHocTpyicrypHafl 
BonoKHMCTan Co-Mn0 2 c 4,819 Bec.% Ko6anbTa 
HMeeT yAenbHyio noBepxHOCTb 120 M 2 /r, 
TorAa KaK nernpoBaHHan wene30M AByoKucb 
MapraHi^a mombj HMeTb yAenbHyio noBepxHOCTb 
BnnoTb ao 280 M 2 /r. 

D. Mop4)onorviHecKne xapaicrepHCTMKH 
HaHOCTpyKTypHOM MnC>2 

(a) npfiMbie HecneAOBaHHfl aTOMHbix 
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P8LU6T0K 

CKaHnpyioman sneicrpoHHan MHKpocKonnn 
AByoKucvi MapraHua nocne TennoBofl o6pa6oTKH 
noKaabiBaeT cymecTBOBaHHe cfjopMnpoBaHMfi 
™na nTHMbero mesAa, coeAHHBHHbix 

HaHOCTpyKTypHblMH BOnOKHSMM flByOKMCH 

MapraHi^a, KaK noKa3aHo Ha 0nr.6. Mn3 
noKaabieaeT, hto HHAHBHAyanbHbie BonoKHa 

MOHOKpHCTa/inaMM, MMGK5IHHMM A^aMBTp 

BOJioKHa b MHTepBane ot npMMepHO 5 ao 50 
HaHOMeTpoB h AnnHy b HHTepBane ot 

HeCKOJlbKMX fleCflTKOB HaH0M9Tp0B flO npHMepHO 

1-3 mkm. CTpyicrypHbi^ aHann3 AonoriHUTanbHO 
noATBepAnn, mo HaHOBonoKHa coctoht H3 

OpHeHTHpOBaHHbJX nO OCH b BAHHHHHblX 

KpucTannoB, KOTopwe hmbkdt xonnaHAHTOByio 
CTpyicrypy h cocTaB, cooTBeTCTByiomHH" 
KMn 8 0 16 . y stoH CTpyioypbi npuMepHO 

nonoBHHa AocTynHbix K* ueHTpoB 3aHnTa, a 
ocTa/ibHbie CBoGoAHbi. 3tot Tun okhch 
MapraHi^a mowbt 6wTb oTHeceH k 
MoneKynnpHbiM ckuaM, hto p&naer ero ocooo 
npuBJieKaienbHbiM Ann uenefl Kaiannaa h 
HOHOooMeHa. OownHO MaTepnajibi, HMeiomne 
nopw TaKoro HaHopasMepa, nBnnKrrcn 

npeBOCXOAHbIMM KaTMOH006MeHHblMM 

MaTepnariaMn. KpoMe Toro, npn yAenbHOtf 
noBepxHocTM 6onee 200 M 2 /r ohh nBJinioTcn 
xopoujhmh KaTanMTMHBCKHMM MaTepnanaMH Ann 
OKMCJiMTe/ibHbix peaKMHfl H 

MOHHO-SneKTpOHHblMM npOBOAHUKaMU Ann 

BblCOKOeMKMX aKKyMynnTopHbix H 
nepe3apn>KaeMbix 6aTapefi. 

Ann aHanM3a HHAHBHAyanbHbix 
HaHOBonoKOH ncnonbsoBajin TaioKe Mf"13BP no 
AByM HanpaBJieHUflM. Our. 10 n pe act a bh n bt 
KapTHHy Mn3BP nonepesHoro ceneHun BonoKHa 
napannenbHO b-ocn HaHOBonoKHa. Our. 1 0B 
noxa3biBaeT ysenHHeHHbifl bha TyHHenefl 

pGLUeTKM B TOH >KB CaMOfi MHKDOrpaMMe. 

CxeMaTHMecKoe H3o6paweHne aTOMHon" 
opueHTaunu HanoweHo Ha MHKporpaMMy c 
rpaHULjaMU, onpsAeneHHbiMH BCTaBKOtf cnpaBa. 
TyHHenn peweTKH bhahu h Ha npoeKu,HH 

KOMflblOTepHOfi M0A6J1H H Ha 

Mn3BP-MHKporpaMMe. Bee TyHHenn nBnniOTcn 
ABoC^HbiMM uennMH OKTaoApa Mn, npnneM 
Ka>KAafl napa uenefl coeAHHeHa noA npHMepHO 
np^MbiM yrnoM, o6pa3yn KBaApaTHyio CTpyicrypy 
(2.2). 3th MoneKynnpHbie TyHHOJin hmbiot 
pa3MBp 4 B#4 6 £ B npoTMBonono>KHOCTb 

3TOMy MacTo HaonioAaiOTcn TaioKe HaMHoro 
oojibiune AbipKn HaHOMacoiTaoa nnn nopw 
AnaMeTpa 1-2 hm. flbipKa AHaMeTpoM 
npn6nn3HTenbH0 1 hm BHAHa Ha stom 

KOHKpBTHOM H306pa>KBHHH. 3TH TyHHBJlM H 
Abipxn M306pa>KeHbl CXeMaTMHHO Ha 0nr.11. 

(b) XapaKTepvicTMKM pocTa CTpyicryp 
nTHHbero me3Aa 

<Pnr. 1 2 noxa3biBaeT Aanee pocT bojiokoh Ha 
pas/iMHHbix cTaAH^x, a mmbhho: rnaAKkie 

nOBBpXHOCTM CBB>KeOCa)KABHHO^ AByOKMCH 

Mapranua (cJ)Mr.12A) t o6pa30BaHne 
3apOAbiiueBbix bojiokoh, HaMMHaioineecfl Ha 
noaepXHOCTM arnoMepMpoBaHHwx Mace nocne 

HeCKOTlbKHX nacoB TenjlOBO^ 06pa60TKM 

(c})nr.12B); hx doct ao AnMHHbix nyHKOB bojiokoh 
(cf)nr. 12C); nocneAytoiAee 

B3anMonpoHHKHOBBHne BonoKOH (0nr.12D); H, 
HaKOHei4, TpexMspHan xaoTMHHan HsnnoTHo 
cnneTeHHan cTpyioypa (0nr.12E). Ba>KHbiM 
0aKTopoM SToro pocra HBrmeTCfl HanpaBJieHHbifi 

BHH3 DOCT HaHOCTpyKTypHblX BOJIOKOH B 
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aMop0HyK) noAno)KKy. He cBR3bJBaa 3to c 
Teopne«, 3To mo>k6t 6biTb npocTO pe3yribTaTOM 

6j1H>KHefl AHCtX0y3HM B TBepAOM COCTOflHMM 

Mepe3 noAno>KKy k pacTyiAewy "KopHfo" 
HaHOBOjioKHa, TaK KaK KpMCTanriHMecKaH 
cTpyicrypa 6onee cTa6MJibHa, mbm aMop0Hoe 

COCT0HHH6. 

B pe3ynbT3Te XHMMHecKHe noTeHUHajibi 
kioHOB MapraHL^a m xvicnopoAa 6yAyT o6paiAeHbi 
noHM^aioLAMMCfl rpaAMBHTOM k riK)6o^ 
KpvicTarinkwecKO^ o6nac™ a KOHTaicre c 
aMop0HbiM amoMepaTOM. H3 3Toro mo>kho 

SaKJlIOHMTb, HTO oCpameHHblfl BHM3 pOCT 

flBJineTcn npHMepoM MexaHM3Ma yKpynHeHMfl, 
Ae^CTByiouj,ero b 0a3e pacTBopa, rAe peaKi^Mfl 
nponcxoAHT npe>KAe Bcero 3a cmbt cHn>xeHHfl 

SHBprVJM nOBepXHOCTH. riOA06HblM MBX3HH3MOM 

HBJifleTC« pocT BonoKHa npH nocTeneHHOM 
pacTBOpeHMM HaHonopoujKa b >kmakoi^ 0a3e, 
conpoBOKAaioiAHi^cfl TpaHcnopTOM >kviako^ 
0a3bi ot pacTBOpJitoiAeMCfl Hacrw^bi k pacTyiAMM 

K0HHHK3M HaHOBOflOKOH. 3TOT npOCTOI^ 
MexaHM3M yKpyPHBHHfl MOKBT 6blTb 06lAMM Ann 

MHorux Apyrvix cucTeM MaTepnanoB, Tax hto 
HacTOflUj,ee H3o6peTeHne MO)KeT ujhdoko 
npHMenqTbCfl Ann mhokbctbb KOMnoanm4vi. 

E. fleqbeKTbi CTpyicryp 

(a) CTpyicrypHbie aoh^skth 

B HaHocTpyiaypHbix BonoKHax Ha6nioAanncb 
TaioKe HecoBepiueHCTBa KpucTannoB i/ini/i 
AB0eKTW. KaK noKa3aHo Ha 0nr.13A h 13B, 
KpaeBbie A^cnoKaLiHOHHbJB Aunonn (nnHM« 
A©0eKTOB) npoTMBonono>KHoro 3HaKa bhahw, 
ecjiki paccMaTpMBaTb BonoKHO 

nspneHAHicynnpHo ero u>tnMHApnHecKofi 
noBepxHocTH (nnvi b HanpaBneHHH TyHHejin). 
3th KpaeBbie AHcnoKai4noHHbie Annonn 6yAyT 
npMBOAHTb b pe3ynbTaTe k o6pa30BaHMio pnAOB 
BaKaHCMM, hto o6ecneHMBaeT nyTH Ann 6bicTpoti 

AH00y3HH aTOMHblX H/nnH SJieKTpOHHblX HaCTHU, 

no AnaMeTpy nonepex HaHOBonoKOH. 3th 
AHcnoKaqMM 3aKaHHHBaiOTcn BAonb npnMot^ 
nkiHHki, KOTopan HopMajibna k och pocTa, hjih 
b-ocn. Bonee tohho, stm Annonn co3AaiOT pnAbi 
BaKaHcn^ (nycTOTbi), HopManbHbie k och 
HaHOBonoKHa, KaK noKa3aHo Ha 0nr.11 A. 

riOA06HblM 06pa30M 0K0HH3HHe nHHMH 

AncrtoKai^MM, napannenbHOH och pocTa, bhaho b 
HanpaBneHHH, napannenbHOM HanpaBneHHio 
TyHHenn (nonepeHHoe ceneHHe BonoKHa), KaK 
noK33aHO Ha 0nr.14A. 3Ta jiHHnn AHcnoKau,HH 
BbixoAHT H3 nepeceneHHn neTbipex 
BbiiueynoMnHyTbix nnHH^ AncjiOKaL^HH, KOTopwe 
BCTpenaioTcn Ha qeHTpanbHOH nHHHH 

HQHOBOJlOKHa. 

CyiAecTBOBaHHe AUcnoKaunoHHbix A^none^ 
b HaHOBonoKHax HMeeT nocneACTBHn, 
CBn3aHHWB c HcnonbsoBaHHeM 3Toro 
HaHOBonoKHHCToro MaTepnana. B hohhwx 
KpncTajinax AncnoKai^MH, 3aKaHHHBaK)m,Hecn 
BHyTpn bojiokoh, 6yAyT C03AaBaTb 
300eKTHBHbiB sapnAbi, CBn3aHHbie CO 
cjiHBaioiAHMHcn L^eHTpaMH AHCJiOKai^HH. 3hbk 

3THX 3ap«AOB 33BHCHT OT aTOMHOM Cpeflbl, 

OKpywaioLueH nycTOTbi. 3aMeiMeHHe sneMeHTOM 

npOTHBOnonO)KHOrO 3HaKa MO)KeT H3MeHHTb 

300eKTHBHbi« 3apnA y nycTOTbi Ha 
npoTHBonono>KHbi^ npocTbiM ookobwm 
3aMemeHHeM, HToCbi noAAep>«aTb 6anaHc 
3apnAOB. HaHAeHO, hto 300eKTHBHbiK 3apnA, 
C03AaBaeMbiH oKOHnaHneM A^cnoKanHH BHyTpn 
KpMCTanna, 6yAeT MMeTb TpeyronbHyio 0opMy. 

nocKonbKy HMeK>T A^no c hohhwmh 
KpncTajiJiaMH, cymecTBOBaHHe AHcnoKai4HH, 
3aKaHHHBaiou4Hxcn BHyTpn BonoKHa, 6yAeT b 
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OCHOBHOM C03AaBaTb 3C|)(J)8KTMBHbl8 3apHAbl, 
CBfl3aHHbl8 CO CJIHBLUMMCfl ueHTpoM 

Anc/ioKaL^MM, pacnono)KeHHbiM b stom cnynae 
AnaMeTpanbHO npoTHBonono>KHO nonepeK 
BonoKHa. CneAyeT owMAaTb, mo KBaflpaTHbie 
TyHHe/iM peiueTKM 0,46 x 0,46 hm 6yayT 
MAeanbHWMn Ana aaMe^eHMR mohob jwhh. 
Kpoivie Toro, BbicoKaa ruiOTHocTb aTOMHbix 
CTyneHefl (0nr.14B) nerxo MAeHTucfjm^npyeTCfl 
npw BHfle, napannenbHOM ocu pocTa BonoKHa, n 
OHa MO>Ker 4)yHKi4H0HMpoBaTb xax aKTuBHbie 
i^enTpbi c 3HepreTMHecK0M tohkm speHMH. 

Apyrofi xapatcrepHOM" nepTofi hobwx crpyiayp 
no HacTORiMeMy M3o6peT6HMK) HBrmeTCR 
BbicoKan deneHb nopucTOCTM, BKniOMaioujaR 
MHKpo- m Me3onopMCTocTb. ripwpoAa nOpMCTOCTM 
mo>K6t CbiTb n3M6HeHa nen/ipoBaHM8M 
pa3JiMHHWMn KOHi^eHTpai^MflMn nepexoAHbix 
MeTannoB. MaTepna/i c BHyTpeHHMMH 
Ae^jeiaaMM noKa3aH cxeMaTMMHo Ha 0nr. 11 B, a 
nernpoBaHHbie Marepnanw c AecfceKTOM n 
MaTepnanbi c rn6pnAHbiMM xapaKTepMCTHKaMM 
Ae4)eKTOB noKa3aHbi cxeMaTMMHo Ha cfcwr.HC n 
11D. 

(b) riopMCTOCTb m yAe/ibHaa noBepxHOCTb 
HaHocTpyicrypHafl BonoKHMCTafl AByowcb 
MapraHi^a nwieeT BbicoKyio yAenbHyio 
noBepxHOCTb h OTHOCHTeribHo Manbitf pa3Mep 
nop. flpyrotf BawHofi MepTofl cnHTeTunecKoro 
MaTepnana HB/ifleTCfl to, mto era CBOflcTBa 
MoryT 6biTb cyu^ecTBeHHO MOAHcfemjMpoBaHbi 
M3MeHGHneM Tuna m KOHL\eHTpai4nn nerMpyiomefi 
Ao6aBKki. HanpHMep, npn BBefleHnn >xene3a b 
KanecTBe nernpyioiAe^ Ao6aBKM n3MepneMafl 
MeTOAOM B3T yAenbHaa noBepxHOCTb MO«eT 
6biTb yBennMena ao 280 M 2 /r c oO^eMOM nop 
0,323 CM 3 /r. 06"beM nop M3Mep«nn BBeAenneM b 
npo6y >KMAKoro a30Ta, rf\e o6"beM nop (V p ) 
noACMHTbiBanM KaK V p =(Bec N 2 )/(nnoTHocTb 
N 2 ) 05-beMbi nop npuBeAeHbi HHJKe b TaOnnqe, 

B KOTOpOtf npMB8A6Hbl M3MepeHHafl M8T0A0M 

53T yAeribHafl noBepxHOCTb HaHOdpyKTypHoPi 
bojiokhmctom AByoKucn MapraHL^a, 

JiernpOBaHHOf^ pa3J"IMMHb!MM KOHl^eHTpaL^HflMM 

Ko6a/ibTa, MeAn n >Kene3a, noKa3biBaa nycTOTbi, 
o6ycnoB/ieHHbie MMKponopucTocTbio n 

Me30nopHCTOCTbK). 

MuKponopucTOCTb onpeAenneTCfl, KaK 
nopucTOCTb c nopaMM A^aMeTpoM MeHbwe, mom 

10 A MMK P 0n0 P MCT0CTb MO>KeT 6b!Tb CBfl33Ha C 

AaHHbiMw no oc^beMy nop. TunnHHbie 
pacnpeAe/ieHHH nopucTOdn aha AByowcM 
MapraHqa c 0,1 M m 0.4M MeAH noKasaHbi Ha 
o>r.15A n 15B. HanpuMep, npu nernpoBaHMn 
0,1 M M8Ab»o o6Hapy>KeHbi A^aMeTpbi nop AByx 
pa3MepoB , 



5.6 H 9,2 A, 

oTHocHTca k pasMepy 



npnM8M 85% nop 
OAHaKO, KorAa 



5,6 A 

KOHijeHTpaijufl Me ah yBe.nnHMBaeTc« ao 0,4 M 
70% nop npnxoAHTCfl Ha pa3Mep « mto 

9*2 A / 

M0K8T 6blTb o6ycnOBJ18HO T8M, MTO npH 

yBennMeHHn KOHL^eHTpai^nn nernpyioiAe« 
AooaBKM bojibtuan MacTb 

no P = ^ ? OKa3biBaeTCfl onoKHpoBaHHOfi 

6,6 A 

MeAblO. MMKponOpHCTOCTb CBflSblBaeTCfl c 

Aect>eKTaMH peiueTKM, BioiK)Ha« 6onbUJne awpkvi, 
cyiAecTBytoiAne b soxiOKHax. 

Me3onopncTOCTb onpeAenneTCJi KaK 
nopucTOCTb c nopaMM A^aMeTpoM 6onbiue, msm 
o AaHHbie o Me3onopncTocTM nonyMaioT 

aACOp6L4MOHHO-AeCOp6L;MOHHblM MeTOAOM. 
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Me3onopncTocTb, o6H3py>Ki4Ba6Mafl y 

CMHT8THHeCK0fl AByOKUCH MapraHL\a, 3aBMCHT OT 

Toro, KaK yno>KeHbi n coeAMHeHbi ee BonoKHa. 
<Pnr.16A n 16B noKa3biBaK>T n30Tepwbi 
aAcop6i4nn/Aecop6i4nn o6pa3UOB AayoKMCM 
MapraHLja, nernpoBaHO^ 0,1 M m 0,4M MeAbio. 
06e M30TepMbi othochtch k Tuny II (to ecTb 
UMTiMHAPHMecKvie, npopesHbie nnn KBaApaTHbie) 
no KJiaccn$nKaLiMH Brunauer et al. Ana 
MaTepnanos c MMKponopMCTOTbK) m 
MesonopucTocTbJO, npuBeAeHHofl b Journal of 
American Chemical Society, Vol.62, 1723 (1940). 

06"beM nop MMKponop 6nn30K k 25 CM 3 /r 
Ann o6omx o6pa3L^oB. 3Ha^eHne aAcop6min 
P/P 0 oL^eHMBanocb b MHTepBane 0,1-0,95, mto 

CBflSaHO C Me30nopMCTOCTbK), 

yaennMUBatoLAe^cp noMTM ao 55 cm 3 /r Anfl 
0.1M Me am m ao 75 CM 3 /r Ana 0,4M msah. 
yBe/iMMeHne Me3onopncTOCTH aha 0.4M MeAM 
bosmojkho o6ycnoBJi8Ho npucoeAHHeHneM 

BOnOKOH K AOMeHaM M8AH. nOAO^HblM o6pa30M 
rviCTepesnc, Ha6nioAaeMwK An« o€pa3L\OB 0.4M 
Me am b MHT8pBane P/P 0 0,8-0,9, CBH3aH c 
npMcyTCTBMeM nop Tuna "MepHM/ibHML^bi", 

B03MOJKHO 3aKynOpeHHO^ OTnO)KeHMeM M3CTMU, 
M8AM. 

nPMMEP 3. HaHOCTpyKTypHan OKMCb 
i^upKOHMfl, CTa6Mnn3npoBaHHan MtrpMeM 

Oaiaopbi, onpeAe/iflioLAMe KaMecTBo 
KOHeMHoro npoAyKra - nopouiKa Y 2 03/Zr0 2 , 

BK/1K)MaiOT pH, KOHU,8HTpaU,MIO paCTBOpa, 

o6pa30BaHMe m pocT 3apoAbiuje^ m 

KOHL^eHTpai^MIO AOBaBKM 

noBepXHocTHo-aKTMBHoro BemecTBa. 
McxoAHbiMM MaTepMa/iaMM nB/ifliOTCfl xnopMA 

I^MpKOHMfl (ZrOCI 2» 8H 20), XJlOpMA MTTpM« 
(YC1 3.6H20) M TMADOOKMCb 3MM0HMW (NH4OH). 
CMHTe3 CTa6MJlM3MpOBaHHO^ MTTpMeM OKMCM 

LiupKOHMA npoBOAflT no c/ieAytoiAeM peaKL^MM: 
[2r(OH)2.4H20]^->[2r(OH)2 + x(4-x)H 2 0]4 
^ 4x >+4xH + (3) 

06u4aa npoueAypa CMHTe3a noAOOHa 
onucaHHO^ Bunie. BoAHbie pacTBopbi peareHTa 
c ZrOCI 2 .8H 2 0 YC1 3 ,6H 2 0 pacnbinniOT 
coBMecTHO, KaK noKa3aHO Ha o>nr.2, b 
peaKL\MOHHbiM cocyA, coAep>KaiAM^ 
peL^MpKynnpyeMbi^ mcxoahuH pacTaop NH4OH b 

AMCTMnriMpOBaHHO^ AeHOHM3MpOBaHHOfi BOAe 
npM MHT8HCMBH0M nep6M8UJMBaHMM 

o6pa3yioiAeficfl boaho^ cm8cm. flnn 
noAQep>KaHMfl pH NH 4OH HenpepbiBHO 
AoCaanRioT b peaKL|MOHHbi« cocyA npoAyKT 
peaKUMn 3aTeM BbiAeriflioT o>MnbTpauMe«, 
npoMbiBaioT, pecycneHAMpyjoT, o6pa6aTbJBaK)T 
ynbTpa3syKOM m 3aTeM cyiuaT, nonyMan 

nOpOUJOK TMAPOOKMCM MTTpMM/UMpKOHMfl, 

KOTOpwW 3aTeM noABepraiOT TennoBof^ 
o6pa6oTKe npM noBbiweHHbix TeMnepaTypax, 
mto6w nonyMMTb roTOBbif^ nopoujoK 
HaHocTpyiaypHOM Y203/Zr02- 

nonyMeHMe ot 0,5 ao 1 Kr HaHOCTpyKTypHoro 
nopoiUKa Y 2 03/Zr0 2 , coAepwamero 7% aTOMHbix 
Y 2 0 3 HaMMHaioT c npMroToaneHMH boahwx 
pacTBopoB 1120 r ZrOCI 2 #8H 2 0 m 250 r 
YC1 3 .6H 2 0 YCI3.6H2O b 22,4 n 

AeMOHM30BaHHOfl AUCTHn/lMpOBaHHO^ BOAbl. 

(CocTaBbi, MMeioiuMe APyoe coAep>KaHMe 

MTTpMfl, TOTOBJ1T, M8HRA KOnHMBCTBO YC1 3»6H 2 0 

e pacTBopax peareHTa). Oca>KAeHMe npoMCXOAMT 
npn C0BM8CTH0M pacnbineHMM 3Toro BOAHOrO 
pacTBOpa conefl b boahuv^ pacTBOp NH4OH b 
peaKi^MOHHOM cocyAe Mepes conna, noA 
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ABBJiei-tkieM NH4OH TaiOKe flo6aBJiHJOT no 
Heo6xoAHMOCTn, mto6w no/wep^BaTb pH 
BOAHoro pacTBopa b MHTepBane MeacAy 8 h 1 1 . 
ilocrie Toro, KaK AooaBneHne BOAHoro pacTBopa 
conePi 3aBepLueH0, pacT&op nepeMetunBatoT 
AononHHTenbHO b TeneHkie 2-4 n, htoou 
ooecneHMTb nonHoe npoTexaHHe peaKi^nn. 
06pa30BaBiuM^cn b pe3ynbTaTe ocaflOK 
coflep>KviT HaHOCTpyioypHbie rMApooKMCH 

UTTpHfl/lJMpKOHHfl. 

riocjie ocaweHUfl r/iapookhch BbiAenaioT 
cpHnbTpaijMefi m npoMbiBaioT. OcaAox aaieM 
pecycneHAMpyioT b AMCTnnnnpoBaHHofi 
AenoHnaoBaHHofl boab h o6pao*aTbisaioT 
MOHOo6MeHHO^ CMonofi Ann yAaneHua x/iopi4Aa 
aMMOHUfl m Apyrux HewenaTe/ibHbix noooHHbix 
npOAyKTOB. HoHooCMeHHyio CMony yAarmioT 
0nribTpaL\ne^ nepe3 KpynHoaonoKHMCTbiR 
qSunbTp, n 3aTeM BWAenHK)T ocaAOK 
cfwnbTpaL^efi nepea MeriKOBonoKHMCTbiti 
4)nnbTp. 

HaHOcrpyKTypHbie rnApooKncn 
MTTpup/i^upKOHUR 3aTeM pecycneHAnpyK)T b 
AMCTunnnpoBaHHO^ AenoHH30BaHHofi BOAe n 
o6pa6aTbiBaiOT ynbTpa3ByxoM, ncnonb3ya 

MHTeHCMBHbIM ynbTpa3ByKOBOfl 30HA (MOLi^HOCTb 

Ha BbixoAe 550 Bt, AnnHa 15 cm, AnaMeTp 2,5 
cm). 3ra o6pa6oTKa HRnneTCfl BaxHOfl craAHefl 
rexHonoruM, Tax xax OHa pa3pywaeT arperaTbi 
nopowxa h bboaut AecfceKTbi noBepxHOCTn b 
peiueTKy HaHocrpyxTypHbix MacTnu. M 
Ae3amoMepaL|Mfl, h cymecTBOBaHkie AecpexTOB 
nc-BepXHOCTU Ba>KHbi Ann bjiuhhma Ha 
noBeAeHne aKTMBHoro MaTepna/ia HHKeneBoro 
snexTpoAa. 

no MeHbiueft Mepe oamh 
noBepXHOCTHO-aKTHBHbi^ areHT, Taxofi xax 
3TaHon, AoCaanniOT 3aTeM k nacTMijaM 
ruApooKMCM, mo6bi ooecneHMTb MHHMManbHOe 
arpempoBaHne nacTHU npn AanbHefiwefl 
Tennosofi oCpaooTxe. TennoByK) o6paooTxy 
npoBOAflT Ha B03Ayxe npn TeMnepaTypax b 
HHTepBane ot npHMepHO 200°C ao npuMepHo 
800°C, HToGbi nonyHMTb HaHOCTpyxTypHbiB 
nopoLuox Y 2 03/Zr02. 

HaHOCTpyxTypHbi^ nopoiuoK 3aTeM 
cycneHAnpyioT b pacTBope nonHBHHHnoBoro 
cnnpTa (I1BC) b BOAe, rAe xonnnecTBO I1BC 
cocTaBnweT 3-12% Bee b pacneTe Ha Zr0 2 u 
KonnnecTBO BOAbi b 2-4 pa3a 6onbwe Beca 
Zr0 2 . CycneHSHK) HaHonacTHij 3aTeM 
noABepraiOT pacnunHTenbHofl cywxe, HTo6bi 
o6pa30BaTb HaHonopucTbie cc^epunecKne 
arnoMepaTbi nopowxa, MMeK>mne AHaMeTpw b 
HHTepBaxie ot npuMepHo 1 ao 200 mkm, npaneM 
xawAbitf amoMepaT npeACTaBnaeT co6ofi 
MHOwecTBO HaHocTpyxTypHbix 3epeH 
Y 2 03/Zr0 2 PacnbinnTenbHafl cywxa c 
nonyneHneM nacTMLj b Taxofl cfeopMe 
ooecneHUBaeT AanbHeflwee o6pau^eHne n 
npeBpaiAeHne nopowxa, HanpMMep, OHa 
ynynujaeT oAHopoAHocTb xapaxTepHCTHX 
Texynec™ arnoMepupoBaHHbix nacTMi^ Ann 
npuMGHeHMR npw tspmhhbcxom pacnbineHHM. 

PeHTreHO-AM^paxuMOHHbiM aHann3 
HaHocrpyiaypHbix nopotuxoB 
Y 2 C>3/Zr0 2 noKa3biBaeT, hto cTpyxTypa cfcas 

33BHCMT OT KOHl^eHTpai^MM UTTpMfl. 6e3 

Ao6aBneHHR uTTpun nonynaeTCJi Tonbxo 

MOHOK/IMHHan OKMCb L^MpKOHH9. (IpM 

KOHi^eHTpai4HM MTTpHfl 2,5 aTOMHbix npoi^eHTa 

nOpOLUOK COAepJKUT H MOHOKnUHHyK) n 

TeTparoHanbHyKD 0asbi, TorAa xax npn 

KOHL^eHTpai4MM MTTpMR 5 3TOMHblX % 
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AOMHHupyiomafl TeTparoHaribHan cpasa 
cocyLAecTByeT c He6ojibiunM xonnnecTBOM 
MOHOxnuHnnecKO^ cf)a3w. ripn 7% aTOMHbix 
MTrpMfl cTpyxTypa Ky6nHecxafl. 

Mop4>onorviHecKMe nccneAOBaHun 
HaHocTpyxTypHbix nopotuxoB Y 2 C>3/Zr0 2 nepeA 
pacnbinMTenbHofl cyiUKO^ c ncnonb30BaHneM 
MI13 h Mn3BP noKa3biBaioT, hto 
HaHOCTpyioypHbie noponiKu npeACTaanfifOT 
co6oW iaceTOHHbie MHKpo3epHa, MMeiomue 
pa3Mepw 3epHa MeHee neM 10 hm npn cpeAHeM 
pa3Mepe 3epeH oxono 5 hm (cpnr.17). 3tm 
Menxkie sepHa cboooaho amoMepupoBaHbi b 
6onee xpynHbie arnoMepaTbi, MMeioiAne 
AnaMeTp MeHee neM npuMepHO 500 hm. 
HenocpeACTBeHHoe paccMOTpeHne peiueTKM 
MHAUBMAyanbHbix HaHonacTULj noA 

oneiapoHHbiM MMxpocxonoM Bbicoxoro 
pa3peweHMfl noxasbiaaeT, hto paccTOHHue 
MejKAy nnocKOCTHMM KpucTannnHecKO^ pemeTKM 
y rpaHni^bi 3epHa conbuje neM bo BHyTpeHHOCTM 
3epHa. 3th M3o6pa>KeHMfl Taioxe noKa3biBaiOT 
cymecTBOBaHMe MHorvix noBepxHocTHbix 
cTyneHex. 3tot cf)eHOMeH xpaf^He BaKeH An« 
KaTann3aTopoB, Tax xax stm HenonHwe 
noBepxHocTM ABnaiOTCH 6onee OHepreTUHHbiMH 
m o6ecnennBaK)T BbicoxyK) nnoTHocTb 
KaTannTMHecKMx ueHTpoB. 

Xoth 6bi/iM noxa3aHbi h onkicaHbi 
npeAnoHTMTenbHbie BapnaHTbi ocyiAecTBneHHfl 
M3o6peTeHMfl MoryT 6biTb npon3BeAeHbi 
pa3nnHHbie moa^^^U^^ 1 m 3aMeHbi, He 
HapyujaK>mne CMbicn h npeAMeT n3o6peTeHnn. 
CooTBeTCTseHHO cneAyeT noHMMaTb, hto 
HacTOfliijee M3o6peTeHkie onkicaHO ahh 
unniocTpaLiMM, a He Ann orpaHMHeHMn. 

OopMyna H3o6peTeHna: 

1. Cnoco6 cnHTe3a HaHOcrpyKTypHbix oxvicefi 
m rMApooKMceft, BKntonatoiAM^ npnroTOB/ieHne 
BOAHoro HcxoAHoro pacTBopa v\ BOAHoro 
pacTBopa peareHTa; coBMecTHoe pacnwrieHMe 
BOAHoro pacTBopa peareHTa b boahw^ 
MCXOAHblK pacTBop M oca>KAeHMe TeM CaMbIM 
nopotuxa HaHocTpyxTypHO^ okhch \af\v\ 

THApOOKHCH M3 CMeCM BOAHOTO HCXOAHOrO 

pacTBopa h BOAHoro pacTBopa peareHTa; 
TennoByjo o6pa6oTKy m ynbTpa3ByKOByio 
o6pa6oTKy HaHOCTpyxrypHo^ okhch kinn 

rVIAPOOKHCM. 

2. Cnoco6 no n. 1 , oniHHaioLAHtfCH TeM, hto 
no MeHbtuefi Mepe oahh H3 BOAHoro HcxoAHoro 
pacTBopa m BOAHoro pacTBopa peareHTa 
coAepjKMT no MeHbwefl Mepe OAHy 
BOAopacTBOpMMyio conb, npeAwecTByiomyK) 

HaHOCTpyKTypHOM OKHCM M/1M rHAPOOKMCM. 

3. Cnoco6 no n. 2, oniHHaiOLAHPicfl TeM, hto 
BOAopacTBopMMan npeAiuecTByiomafl conb 
HBjifleTCR conbio MeTanna nnii peAK03eMenbHOfi 
conbio. 

4. Cnoco6 no n. 3, oninHaiomnftcfl TeM, hto 
BOAopacTBopMMan npeAwecTByK>mafl conb 
nBnneTcn no MeHboieC^ Mepe oahoH v\z conef^ 
HHKenn, conett MapraHL^a, cone^ httphr, cone^ 
LjwpKOHHfl, conefi anJOMHHMR, cone^ KpeMHHP, 
coneM Mamnn, conew Ko6anbTa, coneM BaHaAMfl, 
cone^ MO/in6AeHa, conefl uMHKa, conefi MeAH, 
coneC^ THTaHa, conef^ >xene3a, conei^ 
BonbqbpaMa wnw coneK peAK03eMenbHbix 
MeTannoB. 

5. Cnoco6 no n. 3, OTnma\o\i\\Aftcn TeM, hto 
BOAOpacTBopHMan conb npeACTaanneT co6o^ 
Ni(N0 3 )2, NiS0 4( NiC1 2l MnS0 4 , KMn0 4l 
NaMn0 4 , LiMn0 4 , YC1 3 , ZrOCI 2( Co(N0 3 )2 unw 
A1(N0 3 >3. 
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6. Cnoco6 no n. 1, omwMaioinvificfl tom, mto 
no MeHbiue^ Mepe oamh H3 eoflHoro mcxoahoi"o 
pacTBopa nnn boahoro pacTBopa peareHTa 
coflep>KMT OKHcnuTerib, KwcnoTy mjim ocHoeaHne. 

7. Cnoco6 no n. 1, OTnma\ou\v\ftcn TeM, mto 
TennoBaa o6pa6oTKa ABnaeTcn a^xfeeKTMBHofi 
Ana npeBpameHHH oca^eHHOM* 

HaHOCTpyKTypHO^ OKHCH MJIM TMApOOKHCM B 

oonee cTa6MTibHyio KpucTannnMecKyio 
dpyioypy. 

8. Cnocoo" no n. 1, OTnMMaK)m,MflcH tbm, mto 
TennoBan o(5pa6oTKa npoBOAMTca b MwepBane 
TeMnepaTyp ot npMMepHO 60 ao 800°C. 

9. Cnoco6 no n. 1, omnMaioLUMflcfl tom, mto 
nocne TennoBOH' o6pa6oTKM m o6paooTKM 
y/ibTpaaByKOM HaHOCTpyiarypHafl OKucb mjim 
ruApooKMCb noABepraeTCfl pacnbiJiMTenbHOfl 
cywKe, TeM caMbiM oopa3yq HaHOCTpyKTypHbie 
amoMepaTbi, nMejomne AMaMeTp b HHTepBane 
ot npMMepHO 0,1 ao 200,0 mkm. 

10. Cnocoo" no n. 1, OTnnMaioinntfcfl TeM, mto 
HaHocTpyioypHafl OKucb mw ruApooKucb 
HBTmeTca no MeHbwefl Mepe oahom* M3 oKMceM* 
mjim rMApooKMcefi HMKejia, MapraHLja, mttpma, 

L^UPKOHUR, aniOMUHMfl, KpeMHMfl, MamMH, 

Ko6ajibTa, saHaAMfl, MO/ikiOAeHa, u,MHKa, 
cepeopa, TUTaHa, wene3a, Me ah, BonbcfcpaMa 
mjim peAK03eMenbHbix MeTaxinoB. 

1 1 . Cnoco6 no n. 1 , OTJiMHaiomMficfl tom, mto 
HaHOCTpyicrypHafl OKMCb mam rMApooKucb 
BKniOMaeT rMAPOOKMCb HMKenR, ruflpooKucb 
HHKe/ifl, JiernpoBaHHyio no MeHbiuefl Mepe 

OAHMM M3 aJllOMMHMfl, KOOaJIbTa, KaAMMfl, 

MapraHua hhm ljmhkb, mAPOOKucb MapraHija, 
rMApooKucb MapraHL^a, JiempoBaHHyio no 
MeHbwert Mepe oahmm M3 Ko6anbTa, >Kene3a mjim 

nJiaTMHbl, OKMCb MTTpHfl, OKMCb L^UpKOHMH MJIM 
CTa6nnM3HpOBaHHyK) MTTpMeM OKMCb LJMpKOHMfl. 

12. Cnoco6 no n. 1 , OTjiMMaiomMficfl TeM, mto 
CTaAMK) TenjioBotf o6pa6oTKM ocyi^ecTBnntoT ao 
crraAMn yribTpa3ByKOBOM o6pa6oTKn. 

13. Cnoco6 no n. 12, OTJiMHaioLAMficfl TeM, 
mto HaHocTpyKTypHaa OKMCb nnn ruAPooKHCb 
BKntoMaeT rviApooKMCb HHKenn nnn ruApooKMCb 
MapraHija. 

14. Cnoco6 no n. 1 , oTJiMHatoiAMflcR TeM, mto 
cTaAMio yribTpasByKOBoW o6pa6oTKM 
ocymecTBrmiOT ao craA^n TenjiosoM o6pa6oTKM. 

15. Cnoco6 no n. 14, ouiHMaiomviflcfl TeM, 

MTO HaHOCTpyKTypHaR OKMCb MJIM THApOOKHCb 
BKHIOMaeT OKMCb MTTpMfl, OKMCb LJMpKOHMH MJIM MX 

coneTaHne. 

16. HaHOCTpyKTypHbie okhch mjim 
rviApooKHCM, ct4HTe3MpoBaHHbie no cnoco6y n. 1. 

17. HaHocTpyKTypHaa owcb mjim rMAPOOKMCb 
no n. 16, OTjiMMaioiAaHCfl tom, mto 

HaHOCTpyKTypHafl OKMCb MJIM H/IApOOKHCb 

flsnneTCfl OKMCbio mjim n/iApooKMCbio HMKerm, 
MapraHL^a, mttpmr, l^upkohua, atniOMUHun, 
KpeMHHfl, MarHUH, K06aribTa, BaHaA^fl, 
Monn6AeHa, uHHKa, cepe6pa, TUTaHa, ^e/iesa, 
Ko6a/ibTa, Me am, BO/ib<J)paMa m\A 
peAK03eMenbHbix MeTaxinoB. 

18. HaHOCTpyKTypHaa OKucb hjim ruApooKMCb 
no n. 16, oT/iHMaiotnaflCfl tom, mto 
HaHocTpyicrypHafl OKMCb h/im rviApooKucb 
npeACTaB/iaeT co6o^ ruApooKMCb HHKens, 
ruApooKMCb HMKe/in, TierMpoBaHHyK) no MeHbiuefi 
Mepe oahmm MeTannoM, Bbi6paHHbiM M3 
anioMMHMH, KOoanbTa, KaAMMR, MapraHi4a mjim 
i^UHKa, OKMCb MapraHLja, OKMCb MapraHL^a, 
nernposaHHyK) no MeHbiue^ Mepe oahmm 
MeTannoM, Bbi6paHHbiM M3 Ko6anbTa, >Kene3a 

MJ1H rmaTMHbl, OKMCb UTTpHfl, OKMCb mipKOHUH 
MnM CTa6MTlM3MpOBaHHyK) MTTpMeM OKMCb 
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LJMpKOHMfl. 

19. HaHOCTpyKTypHafl OKMCb m/im rMApooKucb 
no n. 16, oTJiMMafoi^a«cn TeM, mto no MeHbwefl 
Mepe MacTb okmcm mjim tmapookmcm 
npMcyTCTByeT b cJwpMe cGodok botiokoh, rAe 

HaHOCTpyKTypHbie BO/lOKHa MMeKOT AM3M6Tpbl 

MeHbLue, neM npMMepHO 100 hm. 

20. HaHOCTpyKTypHan OKMCb mtim rMApooKucb 
no n. 19, OT/iMMaioina«CR TeM, mto BonoKHa 
nMeiOT AMaMeTpbi MeHbiue, MeM npMMepHO 50 

HM. 

21. HaHOCTpyKTypHa« OKMCb MJIM TMApOOKMCb 

no n. 19, oTTMHaiomaflCfl TeM, mto 
HaHOCTpyKTypHbie BonoKHa MMeioT OTHOiueHne 
pa3MepoB 6onee, MeM npMMepHO 10. 

22. HaHOCTpyirrypHaw OKMCb mjim ruApooKMCb 
no n. 19, oTJiMMaioiAaacfl tom, mto 
HaHOCTpyKTypHbie BonoKHa otctoat Apyr ot 
Apyra Ha paccroflHvie npMMepHO 0,5-200,0 hm. 

23. HaHocTpyicrypHafl OKMCb mjim rMApooKucb 
no n. 22, ot ji hm a 10 ma wcfi tom, mto 
HaHOCTpyKTypHbie BonoKHa otctoat Apyr ot 
Apyra Ha paccTORHvie npMMepHO 5-50 hm, 

24. HaHOCTpyKTypHafl OKMCb MJIM rMApOOKMCb 

no n. 19, OTjwMaiomaflcfl TeM, mto nopwcTocTb 
coopKM HaHOCTpyiaypHbix BonoKOH 6onbiue, MeM 
npMMepHO 60 06. %. 

25. HaHOCTpyKTypHafl OKMCb MJIM rMApOOKMCb 

no n. 24, oTjiHMaioiAancfl tom, mto nopMCTOCTb 
c6opKM HaHOCTpyiaypHbix bojiokoh 6onbUje, MeM 
npMMepHO 80 06. %. 

26. HaHOCTpyiaypHafl OKMCb mjim rMAPOOKMCb 
no n. 19, oTJinMaioiAawc« TeM, mto coAepwiT, 
KpoMe Toro, HaHOCTpyKTypHbie MacTMi^u, rAe 
HaHOCTpyKTypHbie MacTMi^bi MMeioT AMaMeTpw 
MeHbiue, neM npHMepHo 100 hm. 

27. HaHocTpyicrypHafl OKMCb mjih ruApooKMCb 
no n. 26, OTjiHMaioiAaFic« TeM, mto 
HaHOCTpyKTypHbie MacTML^bi MMeioT AMaMeTp ot 
npuMepHo 1 ao 100 hm. 

28. HaHocTpyicrypHafl OKMCb mjim rMAPOOKMCb 
no n. 27, oTJikinaioLAaflCfl TeM, mto 
HaHOCTpyKTypHbie MacTMi^bi npMcyTCTByioT b 
o>opMe arnoMepaTOB, rAe amoMepaTbi MMeioT 
AMaMeTpbi ot npMMepHO 0,1 ao 200,0 mkm. 

29. HaHocTpyKTypHaq OKMCb MnM rMAPOOKMCb 
no n. 28, OTHMMaiotAaficfl TeM, mto amoMepaTbi 
ABJiflioTcyi nopMCTbiMM, npMMeM nopbi MMeiOT 
AMaMeTpbi b MHTepBajie ot npMMepHO 0,5 ao 

20,0 HM. 

30. HaHOCTpyKTypHaa OKMCb mjim rMApOOKMCb 
no n. 25, oTjiMMaioiAancfl TeM, mto amoMepaTbi 
HaHOCTpyicrypHbJx MacTHi^ cocTaBJiniOT ot 
npMMepHO 60 ao 90% ot o6mero o6"beMa 

HaHOCTpyKTypHOM OKMCM MJIM TMAPOOKMCM. 

31 . HaHOCTpyioypHafl OKMCb mjim rMAPOOKMCb 
no n. 19, BKJiiOHaiOLnafl okmcm mjim tmapookmcm 
HMKejifl, Mapranua, mttpma, l\mpkohmr, 

3JII0MMHMR, KpeMHMfl, MaTHMR, KooajibTa, 

BanaAMfl, MOJiM^Aena, i^MHKa, cepe6pa, TMTaHa, 
>Kene3a, MeAM, BonbCfjpaMa, ApyrMx 
peAK03eMejibHbix MeTannoB MnM mx 
kom6mh3HMM. 

32. HaHOCTpyKTypHaR OKMCb MJIM rMAPOOKMCb 

no n. 19, BKJiiOHaioiAafl AayoKMCb MapraHMa mjim 
rviApooKMCb HMKena. 

33. KoMno3ML^MR, BKJiioMaioiAaR rMApOOKMCb 
HMKenn, OTJiMMaiOLuaqcn TeM, mto MacTMUbi mjim 

BOJIOKHa TMAPOOKMCM HMKeJIR MMeiOT AMaMeTp 

MeHbiue, mom npMMepHO 100 hm. 

34. KoMno3MUMR no n. 33, OTjiMHaiomaflCfl 

TeM, MTO HaHOCTpyKTypHafl rMAPOOKMCb HMKeJlfl 

nerMposaHa no MeHbiue^ Mepe oahmm 
MeTajiJioM. 

35. KoMno3Mi^Mfl no n. 34, OTjiMMaiOLuaRCfi 
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T6M, hto no MeHbLuefi Mepe oamh MeTann 
npeACTaBjuieT coootf Ko6*anbT, aniOMMHMfi, 
nnaTHHy, MeAb, TUTaH, BonbcfepaM, menoHHOfl 
MeTann, onaropoAHbifl MeTann MnM 
nonynpoBOAfliMMfl MeTann. 

36. KoMno3nmifl, BKniOHaiomafl 
HaHOCTpyicrypHyK) AHcnepcHyio nnn 
BO/ioKHncTyio AByoKucb MapraHua, 
oTnuHafOLnancfl TeM, hto HacTMU,bi MnM BonoKHa 
AByoKucn Maprawua MMeiOT f\wsMeTp MeHbiue, 
neM npMMepHO 100 hm. 

37. KoMno3ni^MH no n. 36, oniMHaiomaflCfl 
TeM, hto HaHocTpyirrypHafl AByoKMCb Mapramja 
nernposaHa no MeHbwefi Mepe oahum 
MeTannoM. 

38. KoMno3ni^nR no n. 37, oniMHaioiuaflCfl 
TeM, hto no MeHbwefi Mepe oamh MeTann 
npeACTaBJiaeT co6o& Ko6anbT, anioMMHMfi, 
nnaTkiHy, MeAb, tmt3h, BonbcppaM, menoHHofi 
MeTann, 6naropoAHbi^ MeTann nnn 
nonynpoBOAHMKOBbif^ MeTann. 

39. KoMnoaHijkm, BicnioHaioLnafl 
HaHOCTpyicrypHyio AHcnepcHyio nnn 

BOnOKHMCTyK) OKMCb L\MpKOHMfl, OTnMHaK>W,aflCfl 
TeM, HTO HaCTML^bl UnM BOnOKHa AByOKMCM 

qupKOHkin MMeiOT A^aMeTp MeHbiue, HeM 
npMMepHO 100 HM. 

40. KoMno3HLjnfl no n. 39, OTnuHaiou^aflCfl 

TeM, HTO HaHOCTpyKTypHafl OKMCb UMpKOHHW 
COAepWMT, KpOMe TOrO, HaHOCTpyKTypHyK) OKHCb 
UTTpHfl. 

41. HaHOCTpyKTypHbie KOMno3HTHbte 
MaTepnanbi, oTnunaioi^necfl TeM, hto ohm 
BKnionaiOT no MeHbiuefi Mepe OAHy c6opKy 

HaHOCTpyKTypHblX BonoKOH, rAe 

HaHOCTpyKTypHbie BonoKHa MMeiOT A^aMeTpbi 
MeHbiue, neM npuMepHO 100 hm, m no MeHbiueM" 
Mepe oamh arnoMepaT HaHOCTpyKTypHblX 
nacTHi^, CMewHbifi nnn nacTMHHO nnn nonHOCTbfo 
c no MeH biuett Mepe oahoB coopKotf, rAe 
HaHOCTpyKTypHbie nacTMi^bi MMeiOT A^aMeTpbi 
MeHee, neM npuMepHO 100 hm. 

42. HaHOCTpyKTypHbie KOMno3HTHbie 
MaTepnanbi no n. 41, oTnMHatoiAMecB TeM, hto 
HaHOCTpyKTypHbie BonoKHa HMeioT OTHOiueHMe 
pa3MepoB 6onbwe, neM npMMepno 10. 

43. HaHOCTpyKTypHbie KOMno3HTHbie 
MaTepnanu no n. 41, OTnnHaK}Ln,necfl TeM, hto 
HaHOCTpyKTypHbie BonoKHa otctoht Apyr ot 
Apyra Ha paccrosHne npMMepHO 0,5-200,0 hm. 

44. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 43, oTnuHaioi^necji TeM, hto 
HaHOCTpyKTypHbie BonoKHa otctoht Apyr ot 
Apyra Ha paccroflHue npuMepHO 5-50 hm. 

45. HaHOCTpyKTypHbie KOMno3HTHbie 
MaTepnanbi no n. 41, OTn^natomnecfl TeM, hto 
nopucTocTb no MeHbiuett Mepe oahom" 
HaHOCTpyKTypHott coopKM BonoKOH oonbtiie, neM 
npMMepHO 60 06. %. 

46. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 41, oTnMHaioi^Mecji TeM, hto 
nopMCTOCTb no MeHbiuefl Mepe oahoR 
HaHocTpyKTypHofi c6opKM BonoKOH oonbiue, neM 
npMMepHO 80 06. %. 

47. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 41, OTnMHaioLAMecH TeM, hto 
arnoMepaTbi HaHOCTpyKTypHblX nacTMi4 MMeiOT 
AwaMeTpbi ot npMMepHO 0,1 ao 200,0 mkm. 

48. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 41, omMHaiomMecfl TeM, hto 
arnoMepaTbi HaHOCTpyKTypHblX nacTMLj 
cocTaBn^ioT npMMepHO 60-90% ot o6"beMa 
HaHocTpyKTypHoro MaTepMana. 

49. HaHOCTpyKTypHbie KOMnosMTHbie 
MaTepManbi no n. 41, oTnMHaKJi^Meca TeM, hto 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



BKniOHaiOT OKMCM MnM TMAPOOKMCM HMKenfl, 

MapraHi^a, mttpmh, ljmpkohmh, aniOMMHMfl, 
KpeMHMfl, MamM«, Ko6anbTa, BaHaAHfl, 
MonM6A©Ha, i^MHKa, cepeopa, TMTaHa, >Kene3a, 
MeAM, BonbcfepaMa MnM APyrMx peAK03eMenbHbix 
MeTannoB. 

50. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 41, cocTOfloiMe M3 AByoKMCM 
MapraHi^a MnM tmapookmch HMKen«. 

51 . HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 41, OTnMnaiOLUMecq TeM, hto 

KOMn03MTbl MMeiOT BblCOKyfO CKODOCTb 
nepKOnflL(MM M BblCOKyiO nnOTHOCTb aKTMBHblX 

UeHTpoB. 

52. HaHOCTpyKTypHbie KOMnosMTHbie 
MaTepManbi, omMHaiomMecfl TeM, hto ohm 
BWiKwaiOT no MeHbtuetf Mepe OAHy coopKy 
HaHOCTpyKTypHblX BonoKOH, rAe 
HaHOCTpyKTypHbie BonoKHa MMeiOT AwaMeTpbi 
MeHbiue, neM npMMepHO 100 hm, m 
HaHOCTpyKTypHbie nacTMLjbi, cMeaaibie MnM 
nacTMHHo MnM nonHocTbio c no MeHbiuefi Mepe 
oahom" c6opKofl, rAe HaHOCTpyKTypHbie nacTMi^bi 
MMeiOT AwaMeTpbi MeHee neM npMMepHO 100 hm. 

53. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 52, OTnMHaJOiA^ecfl TeM, hto 
HaHOCTpyKTypHbie BonoKHa MMeiOT OTHOiueHMe 
pa3MepoB 6onbwe, neM npuMepHO 10. 

54. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 52, oTnMHaioiAMecn TeM, hto 
HaHOCTpyKTypHbie BonoKHa otctort Apyr ot 
Apyra Ha paccToaHMe npMMepHO 0,5-200,0 hm. 

55. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 52, OTnMnaioiAMecfl TeM, hto 
HaHOCTpyKTypHbie BonoKHa otctoat Apyr ot 
Apyra Ha paccTOAHMe npMMepHO 5-50 hm. 

56. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 52, OTnMHaioiAMec^ TeM, hto 
nopMCTOCTb no MeHbwetf Mepe oahom 
HaHOCTpyioypHO^ cOopKM BonoKOH 6onbLue, neM 
npMMepHO 60 06. %. 

57. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 52, OTnMHaioiAMecR TeM, hto 
nopMCTOCTb no MeHbiuetf Mepe oahoC^ 
HaHOCTpyKTypHofi c6opKM BonoKOH Conbiue, neM 
npMMepHO 80 06. %. 

58. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 52, OTnMHaioiAMecn reM, hto 

KOMn03MTbl MMeiOT BblCOKyiO CKODOCTb 
nepKOnflL\MM M BblCOKyK) nnOTHOCTb aKTMBHblX 

qeHTpoB. 

59. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi, OTnMHaioiAMecfl tom, hto ohm 
coAepwaT no MeHbiueM Mepe OAHy coopKy 
HaHOCTpyKTypHblX BonoKOH, rAe 
HaHOCTpyKTypHbie BonoKHa MMeiOT AnaMeTpw 
MeHee 100 hm. 

60. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 59, ouiMHaioiAMecfl tbm, hto 
HaHOCTpyKTypHbie BonoKHa MMeiOT OTHOiueHMe 
pa3MepoB 6onbiue, neM npMMepHO 10. 

61. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 59, OTnMHaioiAMecfl tbm, hto 
HaHOCTpyKTypHbie BonoKHa otctort Apyr ot 
Apyra Ha paccTO^HMe npMMepHO 0,5-200,0 hm. 

62. HaHOCTpyKTypHbie KOMnosMTHbie 
MaTepManbi no n. 59, OTnMnaioiAMecq TeM, hto 
HaHOCTpyKTypHbie BonoKa otctoht Apyr ot Apyra 
Ha paccrroflHue npMMepHO 5-50 hm. 

63. HaHOCTpyKTypHbie KOMno3MTHbie 
MaTepManbi no n. 59, ouiMHaiomMecfl TeM, hto 
nopMCTOCTb no MeHbwetf Mepe oaho^ 
HaHOCTpyKTypHoi^ coopKM BonoKOH 6onbiue, neM 
npMMepHO 60 06. %. 

64. HaHOCTpyKTypHbie KOMno3MTHbie 
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MaTepwanbi no n. 59, OTnwMa>OLnnecfl TeM, hto 
nopucTOCTb no MeHbwefl Mepe oahoA 
HaHOCTpyicrypHO^ coopKH bohokoh oo/ibwe, newi 

npHMGpHO 80 06. %. 

65. HaHocTpyKTypHbie KOMno3MTHbie 
MaTepna/ibi no n. 59, oTnma\o\iiyieca tom, hto 

KOMn03MTbl HM6IOT BblCOKyK) CKOpOCTb 
nepKOnRLJHH M BblCOKyK) njlOTHOCTb aKTHBHblX 

LjempoB. 

66. HaHOCTpyicrypHbie KOMno3HTHbie 
MaTepnanw no n. 59, BKnionaiomkie oicwcb unu 
ruflpooKucb HMKenfl, MapraHija, unpufl, 



LJHpKOHHfl, antOMUHMfl, KpSMHHfl, MaiTHMR, 

Ko6anbTa, BaHa/WR, MonMoaeHa, umhio, 
cepeopa, THTaHa, *ene3a, Mean, BOJiwfepaMa, 
Apyrvix peflK03eMenbHbix is/ieTa/moB, hjih nx 

KOM6MHaL{HH. 

npMOpMTeT no nywcraM; 

18.1 1.1996 no nn. 1-8, 10-20, 22, 26, 29, 
31-41, 43, 49-52, 54, 59, 61 n 66; 

22 11.1996 no nn. 9, 21, 24-25, 28, 42, 
45-48, 53, 56-58, 60, 63-65; 

05.03.1997 no nn. 23, 27, 30, 44, 55 n 62. 
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YBEJIXVEHHAX IlPOHXUAEMOCTb 
CP EMU (TA3A K XHMROCTft) 



YBEJIJfVEHHAX UJlOTHOCTb 
AKTKBHUX UEHTPOB 



cpur. 3A 




yBEJHWEHHAX UP OH MIA EMOC Tb 
CPEMU (TA3A H XKMKOCTK) 

yBEJimEHHAX UJlOTHOCTb 
AKTHBHRX UEHTPOB 
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yB EJIH V EBB AX UPOHXUAEMOCTb 
CP EMU (TAB A K XHMKOCTH) 

YBEJIKVEHHAR UJlOTHOCTb 
AKTJfBHHX UEHTPOB 
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yBEJIMEHHAX UPOHmiAEMOCTh 
CPEJW (TA3A X XHMKOCTX) 

yBEJlKHEUHASi IIJlOTHOCTb 
AKTXBHUX UEHTPOB 
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cTPYKTypA 

KEPAMM4ECKOrO B0J10KHA 




CTPYKTYPA 

KEPAMMHECKOTO BOJIOKHA 



AKTHBHblE HEHTPbt 
HAHOVACTHli 



<DHT. 11C 

rHBPMAHAfl 
CTPYKTYPA 
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